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MAILING DA TE of this communication appoars on tho cover sheet with the correspondence address - 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER. FROM THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the nriaOing date of thb communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1.704(b). 

Status 

1 )IS Responsive to (X)mmunication(s) filed on 03 October 2006 . 
2a)D This action is FINAL. 2b)IS This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 , 453 O.G. 21 3: 

Disposition of Claims 

4) IEI Claim(s) 23-42 is/are pending in the application. 

4a) Of the above claim(s) 36-47 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) 13 Claim{s) 23-35 and 42 is/are rejected. 
?)□ Claim{s) is/are objected to. 

8) 13 Claim(s) 23-42 are subject to restriction and/or election requirement 

Application Papers 

9) 13 The specification is objected to by the Examiner. 

10) 13 The drawing(s) filed on 08 October 2003 is/are: a)l3 accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) Including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

1 1) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or fomn PTO-152. 

Priority under 35 U.S.C. § 1 1 9 

12) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)D All b)n Some * 0)0 None of: 

1 .□ Certified copies of the priority documents have been received. 

2.D Certified copies of the priority documents have been received in Application No. . 



3.D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the Intemational Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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Art Unit: 1646 

DETAILED OFFICE ACTION 

Applicant's election without traverse of Invention I, claims 23-35 and 42, filed on 06 
October 2006 is acknowledged. Note, the restriction requirement made in the last Office Action 
is not a species election, as indicated in applicants response (the election of "the invention of 
species /"), rather. Group I and Group II inventions are two separate groups of inventions. 

Applicant's amendment filed on 06 October 2006 is acknowledged and entered. 
Following the amendment, claim 42 is amended. 

Currently, claims 23-42 are pending, and claims 23-35 and 42 are under consideration. 
Claims 36-41 are withdrawn from further consideration as being drawn to a non-elected 
invention. 

Formal Matters: 

Information Disdosure Statement 

Applicant's IDS submitted on 10/8/03 is acknowledged and has been considered A signed 
copy is attached hereto. 

Priority acknowledgement 

This application claims benefit of U.S. applications 09/703,395 filed on 1 1/7/00, and 
09/466,559 filed on 1 2/1 7/99, which is acknowledged. 

Abstrad 

Applicant is reniinded of the proper language and format for an abstract of the disclosure. 

The abstract should be in narrative form and generally limited to a single paragraph on a 
separate sheet within the range of 50 to 150 words. It is important that the abstract not exceed 
150 words in length since the space provided for the abstract on the computer tape used by the 
printer is limited. The form and legal phraseology often used in patent claims^ such as "means" 
and "said," should be avoided. The abstract should describe the disclosure sufficiently to assist 
readers in deciding whether there is a need for consulting the full patent text for details. 
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The language should be clear and concise and should not repeat information given in the 
title. It should avoid using phrases which can be inq)lied, such as, "The disclosure concerns," 
"The disclosure defined by this invention," "The disclosure describes," etc. 

Appropriate correction or a new abstract is required 

Specification 

The specification is objected to because the status of U.S. Application 09/703,395, 
which has been issued as U.S. Patent No. 6,632,429, has not been updated yet. 

Rejections under 35 US.C. 112: 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

Ttie specification shall conclude with one or more claims paiticularly pointing out and distinctiy 
claiming the subject matter which the applicant regards as his invention. 

Claims 27, 31, 33 and 34 are rejected under 35 U.S.C 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Regarding claim 27; the phrase "such as" renders the claim indefinite because it is unclear 
whether the limitations following the phrase are part of the claimed invention. See MPEP 
§ 2173.05(d). 

Claim 31 is indefinite for the recitation "on a daily basis" as it is unclear whether it means 
one tablet per day, one tablet at a time more than one time per day, or something else. The metes 
and bounds of the claim, therefore, cannot be determined. Claim 33 is similarly indefinite. 

Claim 33 is fiirther indefinite for the recitation "an amount . . deteraiined according to the 
age" as it is unclear whether it is the same as "an effective amount" in the independent claim 23, and 
if it is not the same, what "an amount" is meant, and how it can be determined according to the age? 
Therefore, it is unclear what limit is intended, and metes and bounds of the claim cannot be 
detemiined. 

Claim 34 is indefmite for the recitation "a/ least about three times per day" as it is unclear 
whether it means three times per day at the amount indicated in claim 33, or the amount indicated in 
claim 33, divided by 3? Further, it is unclear what range is covered by the term "about", is 2 times 



Application/Control Number: 10/681,018 Page 4 

Art Unit: 1646 

or 4 times are considered "about three times", and what is the upper limit of the times of 
administration? 

The following is a quotation of the first paragraph of 35 U.S.C 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 23-35 and 42 are rejected under 35 U.S.C. 112, first paragraph, because the 
specification, while being enabling for claims limited in scope to a method for treating an 
individual having an autistic disorder with pathologic fecal chymotrypsin levels, does not 
reasonably provide enablement for claims to a method for treating any or all individuals having 
an autistic disorder. The specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to use the invention commensurate in scope 
with these claims. 

The factors considered when determining if the disclosure satisfies the enablement 
requirement and whether any necessary experimentation is '"undue" include, but are not limited 
to: 1) nature of the invention, 2) state of the prior art, 3) relative skill of those in the art, 4) level 
of predictability in the art, 5) existence of working examples, 6) breadth of claims, 7) amount of 
direction or guidance by the inventor, and 8) quantity of experimentation needed to make or use 
the invention. In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988). 

Claims 23-35 and 42 are directed to a method for treating an autistic disorder with 
digestive enzymes, which reads on a method for treating any or all individuals having an autistic 
disorder. However, the specification merely discloses the treatment with digestive enzymes for 
autistic individuals with lowered pathologic fecal chjmiotrypsin levels (Exnq)le 6), and does not 
reasonably provide enablement commensurate in scope with claims to a method for treating all 
autistic individuals. Prior art search reveals that causes of autism are diverse and are not 
completely understood For exanple, Happe et al. (Nat. Neurosci., 2006 Oct., 9(10): 1218-20) 
reports that there is no single genetic or cognitive cause for the diverse symptoms defining 
autism, and that attempts at a single explanation for the symptoms of autism have failed 
(abstract). Belmonte et al. (Nat. Neurosci., 2006 Oct., 9(10): 1221-5) reports that autism is an 
entirely behavioral diagnosis with no largely understood etiologies and no population-wide 
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biomarkers (abstract). Therefore, while lowered pathologic fecal chymotrypsin levels may be 
indicative for digestive enzyme therapy for certain autistic individuals, the prior art has not 
established, the instant applicants has disclosed that such a treatment would be beneficial for all 
autistic patients. Given the lack of folly understanding of the etiology of autism, and the 
reported diverse possible causes, it is conq)letely unpredictable that said digestive enzyme 
therapy would be suitable for treating all individuals with autism, and it would require undue 
experimentation to practice the invention in a manner commensurate in scope with the claim. 

Due to the large quantity of experimentation necessary to determine the autistic 
individuals suitable for the digestive enzyme ther^y, and the significance of the treatment, the 
lack of specific direction/guidance presented in the specification regarding same, the absence of 
working examples directed to same (other than the patients with lowered pathologic fecal 
chymotrypsin levels), the complex nature of the invention, the state of the prior art indicating 
diverse etiology and lack of predictability and effective therapy, the breadth of the claims which 
embraces all autistic patients with any cause, undue experimentation would be required of the 
skilled artisan to use the claimed invention in its foil scope. 

Prior Aft: 

The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

Horvath et al. (Journal of the Association for Academic Minority Physician, 1998, 9(1):9- 
15, provided by applicants) reports improved social and language skills in patients with autistic 
spectrum disorders after secretin administration. 



Conclusion: 

No claim is allowed. 
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Advisory Information: 

Any inquiry concerning this communication should be directed to Dong Jiang whose 
telephone number is 571-272-0872. The examiner can normally be reached on Monday - Friday 
from 9:30 AM to 7:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Nickel, can be reached on 571-272-0835. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 




Dong Jismg, PM 
Patent Examiner 
AU1646 
12/8/06 
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Applicant(8) 
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Examiner 
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e MAILING DA TE of this commtf n/ca tf on appears on the cover sheet with the correspondence address - 
or Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS. 
WHICHEVER IS LONGER. FROM THE MAILING DATE OF THIS COMMUNICATION. 
• Extensions of tinrra may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely fflted 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory penod will apply and wilt expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely fOed, may reduce any 
earned patent term adjustment See 37 CFR 1 .704(b). 

Status 

1 Responsive to communication(s) filed on 18 May 2007 , 
2a)D This action is FINAL. 2b)IS This action is non-final. 

3) D Since tills application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle. 1935 CD. 11, 453 O.G. 21.3. 

Disposition of Claims 

4) ^ Claim(s) 23-35 and 42-44 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) 0 Claim(s) is/are allowed. 

6) EI Claim(s) 23-35 and 42-44 is/are rejected. 

7) 0 Claim{s) is/are objected to. 

8) n Clalm(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) 0 The drawing(s) filed on is/are: a)n accepted or b)n objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

1 1) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12) 0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)n All b)n Some * 0)0 None of: 

1 .□ Certified copies of the priority documents have been received. 

2.n Certified copies of the priority documents have been received in Application No. . 



3.D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED OFTICE ACTION 

Applicant's amendment filed on 18 May 2007 is acknowledged and entered. Following 
the amendment, claims 36-41 are canceled, claims 23, 27, 33, 34 and 42 are amended, and the 
new claims 43 and 44 are added. 

Currently, claims 23-35 and 42-44 are pending and under consideration. 

Withdrawal of Objections and Rejections: 

The rejection of claims 27, 31, 33 and 34 under 35 U.S.C. 112, second paragraph, as 
being indefinite is withdrawn in view of applicant's amendment. 

Formal Matters: 

Claims 23 and 42-44 are objected to for the following infonnalities, appropriate correction is 
required for each item: 

The word "chymotryspin" in the claims 23, 42 and 44 should be "chymotrypsin". 

Claim 43, "effective amount of digestive improves ..." should be "effective amount of 
digestive enzymes improves ..." 

New Matter Rejection 

The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claim 44 is rejected under 35 U.S.C. 112, first paragraph, as containing subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventor(s), at the time the application was filed, had possession of the 
claimed invention. While the specification teaches that the treatment of autistic patients with 
digestive enzymes improves symptoms of the patients, applicants have not pointed out, nor can 
the Examiner locate, the basis in the specification for a method of treating protein deficiency in 
an individual having an autistic disorder with digestive enzymes. 
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Double Patentine Rejections: 

The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 
is appropriate where the conflicting claims are not identical, but at least one examined 
application claim is not patentably distinct fi-om the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the reference 
claim(s). See, e.g.. In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 
Goodman, 1 1 R3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 
VogeU All F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may 
be used to overconie an actual or provisional rejection based on a nonstatutory double patenting 
ground provided the conflicting ^plication or patent either is shown to be conunonly owned 
with this appUcation, or claims an invention made as a result of activities undertaken within the 
scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 
disclaimer. A termmal disclaimer signed by the assignee must fully comply with 37 CFR 
3.73(b). 

Claims 23, 42 and 43 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 1 and 7 of U.S. Patent No. 6,632,429. Although the 
conflicting claims are not identical, they are not patentably distinct fi-bm each other for the 
following reasons. 

The present claim 23 is drawn to a method for treating autistic disorder with digestive 
enzymes, wherein the disorder is characterized by an abnormal fecal chymotrypsin level. Claims 
1 and 7 of the patent encompasses or is directed to a method for treating autistic disorder with 
digestive enzymes, wherein the fecal chymotrypsin level of the individual is less than normal. 
The active ingredient of digestive enzymes is the same as that of the instant claim 23. Although 
the present claim 23 does not specifically recite the method step of comparing a fecal 
chymotrypsin level, as that in claims 1 and 7 of the patent, it requires that the disorder is 
characterized by an abnormal fecal chymotrypsin level. Therefore, the required patient 
population (with respect to autism) of the claims of the patent is the same as that of the instant 
claim 23, and the specific step of comparing the fecal chymotrypsin level is one way to 
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characterize an abnormal fecal chymotrypsin level. With respect to the present claims 42 and 43, 
the recited effect of promoting protein digestion to improve a symptom of the disorder, it would 
be the inherent property for claims 1 and 7 of the patent as the same active ingredient is used for 
the same patients. Thus, the conflicting claims are not patentably distinct from each other. 

Rejections under 35 U.S.C. 112: 

The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it» in such full, clear, concise, and exact terms as to enable any person slcilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 23-35 and 42 remain rejected and the new claim 43 is rejected under 35 
U.S.C. 112, first paragraph, because the specification, while being enabling for claims limited in 
scope to a method for treating an individual having an autistic disorder having decreased fecal 
chymotrypsin levels, does not reasonably provide enablement for claims to a method for treating 
autictic individuals having an ""abnormal" fecal chymotrypsin level (claims 23 and 42, for 
example). The specification does not enable any person skilled in the art to which it pertains, or 
with which it is most nearly connected, to use the invention commensurate in scope with the 
claims. 

The factors considered when determining if the disclosure satisfies the enablement 
requirement and whether any necessary experimentation is "undue" include, but are not limited 
to: 1) nature of the invention, 2) state of the prior art, 3) relative skill of those in the art, 4) level 
of predictability in the art, 5) existence of working examples, 6) breadth of claims, 7) amount of 
direction or guidance by the inventor, and 8) quantity of experimentation needed to make or use 
the invention. In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988). 

The independent claims 23 and 42 recite "characterized by an abnormal fecal 
chymotrypsin level", which reads on either increase or decreased level of chymotrypsin. 
However, the specification merely teaches that a method of treatment with digestive enzymes for 
autistic individuals having decreased fecal chymotrypsin levels (Example 6), and provides no 
evidence or working examples indicating otherwise {increased fecal chymotrypsin levels). 
Therefore, while the specification provide enabling disclosure for a method of treating autistic 
individuals having decreased fecal chymotrypsin levels with digestive enzymes, it does not 
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reasonably provide enablement commensurate in scope with claims to a method for treating 
autistic individuals characterized by an abnormal fecal chymotrypsin levels as . 

Due to the lack of direction/guidance presented in the specification regarding increased 
fecal chymotrypsin levels in the claimed condition, the absence of working examples directed to 
same, the complex nature of the invention, and the breadth of the claims which embrace both 
decrease and increased fecal chymotrypsin levels, the specification does not enable any person 
skilled in the art to use the claimed invention in its full scope. 

Rejections Over Prior Art: 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 23-35 and 42-43 are rejected under 35 U.S.C. 103(a) as being xmpatentable over 
Beck et al. (1186,020,310, provided by applicants), and further in view of Sipos (US4,079,125). 

Beck discloses that there are two subgroups of autistic patients, distinguished on the basis 
of gastrointestinal symptoms, blood secretin levels, the increase in serotonin level after secretin 
injection and the quantity and quality of fluid produced for secretin stimulation, and that there is 
high prevalence of other gastrointestinal abnormalities including inflammation in the esophagus, 
digestive enzyme deficiencies in children with autistic behavior, which supports a relationship 
between the presence of gastrointestinal dysfunctions and autism (column 4, lines 56-65). Beck 
indicates that patients with chronic, non-infectious diarrhea with unclear etiology were analyzed 
by the full upper GI work-up including biopsies for histology measurement of the digestive 
enzymes of the small intestine and the pancreas (including chymotrypsin) (colunm 10, lines 12- 
17, and 36-40). 

Beck does not explicitly mention treating autism having digestive enzyme deficiencies 
with digestive enzymes. 
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Sipos teaches digestive enzyme-containing compositions, which are capable of 
withstanding hours of exposure to gastric fluids while protecting the biological activity of the 
enzymes (abstract), and that the principal active agents in the composition are enzymes including 
such pancreatic enzymes as the proteases, for example trypsin, chymotrypsin (column 5, lines 
20-23). Further, Sipos teaches that the total amount of the composition required to be 
administered to an enzyme deficient patient will vary with the severity of the condition and the 
amoimt of food ingested, and the compositions is administered with each meal (colunm 9, lines 
10-16). 

With respect to claims 23, 32, 35, 42 and 43, it would have been obvious to the person of 
ordinary skill in the art at the time the invention was made to treat autism with Sipos's digestive 
enzyme-containing compositions as Beck teaches that there is high prevalence of gastrointestinal 
abnormalities including digestive enzyme deficiencies in children with autistic behavior (note, 
the fecal chymotrypsin level in these patients would be inherently low because of the enzyme 
deficiency). The person of ordinary skill in the art would have been motivated to do so for 
disease treatment, and reasonably would have expected success because Beck has demonstrated 
that autistic patients have digestive enzyme deficiencies, and Sipos has demonstrated that the 
digestive enzyme-containing compositions are capable of withstanding hours of exposure to 
gastric fluids, and remaining the biological activity of the enzymes. 

With respect to claims 24-30, they recite the improvement of specific symptoms, which 
would be inherent property of the method obvious over the prior art as the active ingredient, 
method steps and patient population are the same as that taught by the prior art references. 

With respect to the specific limitations of dosage (claim 31), "determined according to 
the age and weight of the individual" (claim 33), and fi-equency of administering the enzyme 
(claim 34) in claims 31, 33 and 34, Sipos teaches that the total amoimt of the composition 
required to be administered to an enzyme deficient patient will vary with the severity of the 
condition and the amount of food ingested. Given the state of the art at the time the invention 
was filed, and the teachings of Sipos, determining the proper dosage and therapeutic regimens 
for any particular patientis well within the skilled artisan's purview. Further, given the fact that 
"approximately 4,000 to approximately 60,000" in the present claim (claim 31) represents a 
broad dose range, and the fact that there is no specific dosage is recited in claims 33 and 34, an 
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artisan would have to determine a specific therapeutically effective amount suitable for each 
specific patient within the scope of sound medical judgment, as the dose level will depend, upon 
various factors. Therefore, the claimed invention, taken as a whole, is considered prima facie 
obvious over the Beck and Sipos references. 

Conclusion: 

No claim is allowed. 
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Advisory Information: 

Any inquiry concerning this communication should be directed to Dong Jiang whose . 
telephone number is 571-272-0872. The examiner can normally be reached on Monday - Friday 
from 9:30 AM to 7:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Nickol, can be reached on 571-272-0835. The fax phone number for the 
organization where this appUcation or proceeding is assigned is 57 1 -273-8300. 
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Patent Examiner 
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DETAILED OFFICE ACTION 



Applicant's amendment filed on 07 December 2007 is acknowledged and entered. 
Following the amendment, claims 23 and 42-44 are amended. 

Currently, claims 23-35 and 42-44 are pending and under consideration. 

New Matter Rejection 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claim 44 remains rejected xmder 35 U.S.C. 112, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention, for the reasons of record set forth in the last Office Action 
mailed on 07 August 2007, at page 2. 

Applicants argument filed on 07 December 2007 has been fiiUy considered, but is not 
deemed persuasive for the reasons below. 

On the page begiiming with "REMARKS" of the response, the applicant argues, citing 
paragraph 41 of the specification, that a lack of protein digestion would be a direct consequence 
of low fecal chymotrypsin, which would therefore lead one to imderstand that a protein 
deficiency is present in these individuals. This argument is not persuasive because, while low 
fecal chymotrypsin may indicate insufficient protein digestion, which can cause protein 
deficiency, a lack of protein digestion is not the same as protein deficiency in scope. For 
example, insufficient protein intake also can cause protein deficiency. Claim 44 is directed to a 
method of treating protein deficiency in an autistic patient, wherein the protein deficiency is not 
required to be necessarily or only associated with the lack of protein digestion. Therefore, the 
claim, as written, encompassed a broader scope, which is not fiiUy supported by the present 
disclosure. 
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Art Unit: 1646 

This is a new matter rejection. 



Double Patentins Rejections: 

The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 
is appropriate where the conflicting claims are not identical, but at least one examined 
application claim is not patentably distinct from the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the reference 
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 
Goodman, 1 1 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re LongU 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 
Vogeh 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.32 1(c) or 1.321(d) may 
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
ground provided the conflicting application or patent either is shown to be conmionly owned 
with this application, or claims an invention made as a result of activities undertaken within the 
scope of a joint research agreement. 

Effective January 1, 1994, a registered attomey or agent of record may sign a terminal 
disclaimer. A terminal disclaimer signed by the assignee must fiilly comply with 37 CFR 
3.73(b). 

Claims 23, 42 and 43 remain rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1 and 7 of U.S. Patent No. 6,632,429, for the 
reasons of record set forth in the last Office Action mailed on 07 August 2007, at pages 3-4. 

Applicants indicate, on the page beginning with "Double Patenting Rejection", that 
applicant reserves the right to file a terminal disclaimer to overcome the rejection prior to 
allowance. Until such a time, the rejection is maintained. 



Rejections under 35 U.S.C. 112: 

The following is a quotation of the first paragraph of 35 U.S.C. 112 : 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 
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Claims 23-35 and 42 remain rejected and the new claim 43 is rejected under 35 
U.S.C. 1 12, first paragraph, because the specification, while being enabling for claims limited in 
scope to a method for treating an individual having an autistic disorder having decreased fecal 
chymotrypsin levels, does not reasonably provide enablement for claims to a method for treating 
autictic individuals having an "abnormal" fecal chymotrypsin level (claims 23 and 42, for 
example). The specification does not enable any person skilled in the art to which it pertains, or 
with which it is most nearly connected, to use the invention commensurate in scope with the 
claims, for the reasons of record set forth in the last OflSice Action mailed on 07 August 2007, at 
pages 4-5. 

Applicants argument filed on 07 December 2007 has been fully considered, but is not 
deemed persuasive for the reasons below. 

On the page beginning with "Double Patenting Rejection" of the response, the applicant 
argues that the specification states "...normal levels of chymotrypsin are deemed to lie above 8.4. 
U/gram, whereas pathologically abnormal levels are deemed to lie below 4.2 U/gram", and 
"chymotrypsin levels between 8.4 U/gram and 4.2 U/gram are considered equivocal" (paragraph 
41); that it is understood by those skilled in the art that abnormal fecal chymotrypsin levels are 
characterized by low or decreased levels of fecal chymotryspin; and that the fecal chymotrypsin 
test as a standard medical test, has no upper limit of normal, thus all levels above 8.4 are 
considered normal. This argument is not persuasive because elevated fecal chymotrypsin levels 
have been indications of pathological conditions. For example, as evidenced by Rogers ("No 
more heartbum: Stop the pain in 30 days - Naturally", (2000), page 172), a high (fecal) 
chymotrypsin level can indicate the presence of abnormal bugs in the gut, gluten intolerance 
(wheat, oats, rye, and barley antigens), food allergies, and pancreatic malfiinction. Therefore, it 
is incorrect that abnormal fecal chymotrypsin levels are characterized only by low or decreased 
levels of fecal chymotryspin, and applicants argument that all levels above 8.4 are considered 
normal is unsound. 



Rejections Over Prior Art: 
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 23-35 and 42-43 remain rejected under 35 U.S.C. 103(a) as being unpatentable 
over Beck et al. (US6,020,310, provided by applicants), and further in view of Sipos 
(US4,079,125), for the reasons of record set forth in the last Office Action mailed on 07 August 
2007, at pages 4-5. 

Applicants argument filed on 07 December 2007 has been fully considered, but is not 
deemed persuasive for the reasons below. 

On the page beginning vAth "According to the MPEP" of the response, the applicant 
argues that while Beck discloses that a certain subset of children with autism have 
gastrointestinal dysfunction, there are no values of the measured chymotrypsin in the '310 patent; 
that the Horvath publication (provided by applicants previously) states that the enzyme activities 
of all the children examined were within normal limits, and the three children who were outlined 
both in the '310 patent and in the Horvath paper had normal chymotrypsin levels, therefore, it 
would not clear to one of ordinary skill in the art that low levels of fecal chymotrypsin or the 
administration of digestive enzymes would be beneficial to a child with autism. This argument is 
not persuasive because "[A]ll disclosures in reference patent must be evaluated, including 
nonpreferred embodiments; a reference is not limited to the disclosure of specific working 
examples." In re Mills, 470 F.2d 649, 65 1, 176 USPQ 196, 198 (CCPA 1972). In the instant 
case, although the examples with limited number of patients in the 310 patent and the Horvath 
reference do not show decreased chymotrypsin levels in the autistic patients, as addressed in the 
last Office Action, Beck expressly teaches that there is high prevalence of gastrointestinal 
abnormalities including inflammation in the esophagus, digestive enzyme deficiencies in children 
with autistic behavior, which supports a relationship between the presence of gastrointestinal 
dysfunctions and autism, and indicates that patients with chronic, non-infectious diarrhea with 
unclear etiology were analyzed by the fiill upper GI work-up including biopsies for histology 
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measurement of the digestive enzymes of the small intestine and the pancreas (including 
chymotiypsin). Therefore, it would be instantly clear to one of ordinary skill in the art that some 
of autistic patients have digestive enzyme deficiencies, which can be determined by experimental 
measurement. Further, applicants argument (that there are no values of the measured 
chymotrypsin in the 310 patent, and the three children who were outlined both in the 310 patent 
and in the Horvath paper had normal chymotrypsin levels) is less relevant because it is well 
established in the art that autism is an entirely behavioral diagnosis with no largely understood 
etiologies and no population-wide biomarkers. Therefore, not all autistic patients would 
necessarily show decreased chymotrypsin levels. In fact, applicants own data demonstrated the 
very same result, i.e., some autistic children showed decreased chymotrypsin levels, whereas 
others did not. What is important is that the prior art had already established such: the high 
prevalence of GI abnormalities including, among others, digestive enzyme deficiencies* in certain 
subgroup of autistic patients, which is incorporated in the present invention. 

On the page beginning with "protecting the biological activity ..." of the response, the 
applicant argues that the Sipos patent is directed to a composition of matter, and it is not directed 
at giving digestive enzymes to an individual based on low chymotrypsin levels, nor is it based on 
any clinical patient work; that while determination of dosage would be in the composition of 
matter, it was not contemplated directing those toward autism; that prior to applicants invention, 
digestive enzymes were only allowed by FDA for CF and chronic pancreatitis, and nowhere was 
the need for the protease portion of the enzyme composition. This argument is not persuasive 
because it is irrelevant whether Sipos' composition of digestive enzymes is made for a specific 
condition because the composition is the same, and a composition of matter is not usually made 
for a specific condition. It is usually the dosage, which may vary depending upon a given 
specific condition, and can be determined by one having ordinary skill in the art within the scope 
of sound medical judgment once the method of treatment is known or obvious. Therefore, such 
determination does not constitute novel inventive concept. Further, the examiner is xmaware of 
that digestive enzymes were only allowed by FDA for CF and chronic pancreatitis, and it is less 
relevant because the standards for FDA are not applicable for the determination of patentability. 
Furthermore, even if it were relevant, it is instantly clear to one of ordinary skill in the art what 
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both CF and chronic pancreatitis have in common is digestive enzyme deficiency, and the simple 
fact is that digestive enzymes are for digestive enzyme deficiency. Furthermore, given the fact 
that protease is one of the three digestive enzymes, and that chymotrypsin is one of the digestive 
enzymes that can be and should be analyzed in autistic patients (as indicated by Beck), there is 
every reason to include the protease portion of the enzyme in the composition for treating 
digestive enzyme deficiency in the autistic patients with lowered chymotrypsin level based on 
experimental determination. 

Applicants fiirther argue, on the same page and the following page of the response, that 
obviousness cannot be established by combining prior art to produce the claimed invention 
absent some teaching of suggestion supporting the combination, the mere fact that the prior art 
may be modified in the manner suggested by an examiner does not make the modification 
obvious unless the prior art suggested the desirability of the modification; and that it would not 
have been prima facie obvious for one with ordinary skill in the art to combine the inventions of 
Beck and Sipos in order to formulate the present invention. In response to applicant's argument 
that there is no suggestion to combine the references, the examiner recognizes that obviousness 
can be established by combining or modifying the teachings of the prior art to produce the 
claimed invention where there is some teaching, suggestion, or motivation to do so found either 
in the references themselves or in the knowledge generally available to one of ordinary skill in 
the art. See In re Fine, 837 F,2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988) and In re Jones, 958 
F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992). In this case. Beck expressly teaches that there is 
high prevalence of gastrointestinal abnormalities including, among others, digestive enzyme 
deficiencies in children with autistic behavior; and Sipos teaches digestive enzyme-containing 
compositions including pancreastic enzymes such as the proteases, which can be administered to 
an enzyme deficient patient. Therefore, it is instantly obvious to a person having ordinary skill 
in the art to use Sipos's digestive enzyme-containing compositions for the treatment of the 
autistic children with the digestive enzyme deficiencies as taught by Beck. Supplemental 
therapy for specific deficiencies is notoriously known, well established and widely practiced in 
the art, therefore, it is obvious to combine the teachings of Beck and Sipos for the treatment as 
claimed. 
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Conclusion: 

No claim is allowed. 



Application/Control Number: 10/681,018 



Art Unit: 1646 



Page 9 



Advisory Information: 

TfflS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated fi"om the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS fi-om the mailing 
date of this final action. 

Any inquiry concerning this communication should be directed to Dong Jiang whose 
telephone number is 571-272-0872. The examiner can normally be reached on Monday - Friday 
from 9:30 AM to 7:00 PM. 

If attempts to reach the examiner by telephone are unsuccessfiil, the examiner's 
supervisor, Gary Nickol, can be reached on 571-272-0835. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 



/Dong Jiang/ 

Primary Examiner, Art Unit 1646 
2/28/08 
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DETAILED OFFICE ACTION 



The request filed on 17 June 2008 for a Continued Examination (RCE) under 37 CFR 
1.114 based on parent Application No. 10/681,018 is acceptable, and a RCE has been 
established. An action on the RCE follows. 



Applicant's amendment filed on 17 June 2008 is acknowledged and entered. Following 
the amendment, claims 23-35 and 42-44 are canceled, and the new claims 45-50 are added. 

Currently, claims 45-50 are pending and imder consideration. 

Note, the status of claims 45-50 should be 'TSfew" as the claims filed in the amendment 
after final were not entered. 

Withdrawal of Objections and Rejections: 

All objections and rejections of claims 23-35 and 42-44 are moot as the applicant has 
canceled the claims. 

New Matter Rejection 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 45-50 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention. 

The new independent claim 45 recite "A method for treating an autistic individual 
exhibiting a lack of toilet training and characterized by an abnormally low fecal chymotrypsin 
level . . .". AppHcants have not pointed out, nor can the Examiner locate, the basis in the 
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specification for such a lin^tation. In the response filed on 17 Jime 2008, Applicants pointed out 
the support in the specification, on pages 22-26. However, this is insufficient to support the 
present claims because, while the specification teaches a method for treating an individual 
having an autistic disorder (in general) characterized by a lowered chymotrypsin level, it does 
not specifically teach a method for treating an autistic individual with the particular combination 
of characteristics of lack of toilet training and a lowered chymotrypsin level. 

Further, the new claim 46 recites the limitation "approximately 4,000 to approximately 
60,000 U.S.P. Units/tablet". Applicants have not specifically pointed out, nor can the Examiner 
locate, the basis in the specification for such a Umitation. 

This is a new matter rejection. 

Rejections under 35 U.S.C. SI 12: 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 45-50 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. . 

Claim 45 is indefinite for the recitation "eflFective amount of digestive enzymes" because 
it is unclear for what it is effective, and how "an effective amount" is determined. "An effective 
amount" on its face is indefinite since it fails to state the function which is to be rendered 
effective (In re Frederiksen & Nielsen (CCPA) 102 USPQ 35). Claim 49 is similarly indefinite. 

The remaining claims are included in this rejection because they are dependent from the 
specifically mentioned claims without resolving the indeftniteness issue belonging thereto. 



Conclusion: 

No claim is allowed. 
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Time to give up on a single explanation for autism 

Francesca Happ^, Angelica Ronald & Robert Plomin 



We argue that there will be no single (genetic or cognitive) 
cause for the diverse symptoms defining autism. We 
present recent evidence of behavioral fractionation 
of social impairment, communication difficulties and 
rigid and repetitive behaviors. Twin data suggest largely 
nonoverlapping genes acting on each of these traits. At the 
cognitive level, too, attempts at a single explanation for the 
symptoms of autism have failed. Implications for research 
and treatment are discussed. 

Autism, and autism spectrum disorders (ASD), such as Asperger 
s)nidrome, are neurodevelopmental conditions diagnosed on the basis of 
a triad of behavioral impairments: impaired social interaction, impaired 
communication and restricted and repetitive interests and activities^ 
These core diagnostic features, which reflect Kanner's first reports of 
autism with an emphasis on "autistic aloneness" and "insistence on 
sameness" mark out a highly recognizable and yet richly heterogeneous 
group of children and adults^. Yet, despite half a century's research into 
ASD, there is little evidence regarding the unity of the three core areas of 
impairment. Indeed, an early epidemiological study^, which set in place 
the notion of the triad of impairments, remains the only full examina- 
tion of this issue; these authors found some evidence of clustering of the 
three impairments. The key importance of this issue is that researchers 
have, for the last half century and with only a few notable exceptions'^, 
been searching for the causes and cures for autism as a whole. Research 
on ASD at the behavioral, cognitive and genetic levels has proceeded 
on the assumption that the three impairments that define autism must 
be explained together. In this article, we question this basic assumption 
and present evidence at each of these levels that suggests the triad of 
impairments can be fractionated and should be studied separately. 

Behavioral features of autism: integral or fractionable? 

One of the challenges in establishing whether the triad of ASD features 
requires a unitary explanation or is, instead, fractionable, lies in the 
circularity of examining diagnosed populations. Because the diagnosis 
of autism (and even Asperger syndrome) requires impairments in each 
of the three key areas, examination of diagnosed populations cannot 
establish the potential fractionation of the triad. One way through this 
impasse is to explore the relationship between social, communicative 
and rigid/repetitive traits in the general population. 
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Recent work suggests that autistic- like traits can be measured in 
the general population^"^. We can ask, for example, whether a child 
joins in playing games with other children easily, can keep a two-way 
conversation going or likes to do things over and over again in the same 
way all the time. The distribution of such traits supports a smooth 
continuum (at least at the behavioral level) between individuals meeting 
diagnostic criteria for ASD and individuals in the general population'^. 
Importantly, there is no evidence of a bimodal distribution, or *hump* 
at the extreme, separating clinical from nonclinical levels of difficulty ' ' . 
We can therefore ask the question, do autistic-like social impairments, 
communication difficulties and rigid/ repetitive behavior cluster strongly 
in the general population, suggesting the same underlying causes? 

In our population-based studies, using data from over 3,000 twin 
pairs assessed between the ages of 7 and 9, we have found modest-to- 
low correlations between autistic-like behavioral traits in the three 
core areas^. Somewhat to our surprise, even social and communication 
impairments, which are often seen as almost indistinguishable in 
real life and have been suggested to result from a single cognitive 
deficit' 2, were only modestly related (with correlations (r) in the range 
of 0.2 to 0.4). This relationship was no stronger than that between 
communicative difficulties and rigid/ repetitive behavior (r = 0.3-0.4), 
whereas social impairments and rigid/repetitive behaviors were the 
least strongly linked (r = 0.1-0.3). The modest correlations between 
the three areas of autistic-like traits were found both across the gen- 
eral population and when only children with relatively extreme scores 
were considered^^. It thus appears that, in middle childhood at least, 
the degrees of social difficulty, communicative impairment and rigid/ 
repetitive behavior are only modestly related. 

Indeed, within our large population-based sample, a considerable 
number of children showed isolated difficulties in only one area of 
the autistic triad. For example, 59% of children who showed social 
impairments showed only social impairments. Around 10% of 
all children showed only social impairment, only communicative 
difficulties or only rigid and repetitive interests and behavior, and 
these problems appeared to be at a level of severity comparable to 
that found in children with diagnosed ASD in our sample. We did 
find that children who showed one impairment were at increased risk 
of showing a second or third area of autistic-like difficulty, but the 
risks were relatively low, emphasizing the separability of the three 
impairments. For example, only 32% of all children who showed 
social impairments also showed communication difficulties. Thus, 
although the three areas of autistic-Uke behavior and impairment did 
occur together at above-chance rates, there was considerable evidence 
for fractionation of the three aspects of the triad. 

There is other evidence for the relative independence of the diree core 
features of autism. Studies of the development of children with autism 
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suggest different developmental trajectories for different parts of the 
triad. Rigid and repetitive behavior and interests, for example, emerge 
later than social and communicative difficulties, are less good markers 
of autism in infancy, improve less from infancy to early childhood*'*, 
are poorly predicted from early measures of imitation or language^ ^'^^ 
and respond less well to some intervention programs There are some 
measures, however, most notably the Social Responsiveness Scale (SRS), 
which is heavily weighted toward the social domain, that do not show 
fractionation of the triad at the level of behavior^' It is unclear at this 
stage to what extent different findings are due to differences in measures. 
Unlike diagnostic tools, for which 'gold standard' measures exist that are 
used across studies, measures of autistic traits are still in development. 

Genes *for autism* or genes for independent traits? 

Is the behavioral or phenotypic separability of the triad of autis- 
tic-like traits mirrored at the genetic level; that is, are there separate 
genes contributing to social impairment, communicative difRculties 
and rigid/repetitive behavior? Our research suggests that the answer 
is yes. Comparison of roughly 3,000 monozygotic and dizygotic twin 
pairs at ages 7 and 8 years (Twins Early Development Study Institute 
of Psychiatry) suggests that each aspect of the triad is highly heritable, 
both across the range of individual differences and at the extreme'**^. 
However, model-fitting analyses of cross-twin, cross-trait correlations 
suggest that more than half the genes that contribute to variation in, 
say, social (dis)ability are independent from those that contribute to 
variation in communicative skills or rigid/repetitive tendencies'*^ ^. Thus, 
most of the genetic effects (at least in middle childhood) are specific, 
acting on just one part of the triad. 

This new conclusion from two studies using a large normative twin 
sample fits with results from family studies of individuals with ASD. 
Family and twin studies have shown that it is not only autism itself 
that is heritable, but that relatives show increased rates of the "broader 
autism phenotype", which refers to subclinical manifestations of all 
or part of the triad of autistic features. Importantly, some relatives 
show only isolated traits, for example communication difficulties 
without social impairment or rigidity-^'^^ This suggests that the genes 
that contribute to autism segregate among relatives and have distinct 
influences on the different parts of the phenotype. 

No single explanation at the neurocognitive level 

In the name of parsimony, cognitive accounts have traditionally 
aimed to explain all three key features of autism. It is our belief, 
however, that the accumulating evidence of behavioral and genetic 
fractionation of the autistic triad is paralleled by a failure to find a 
single cognitive account for the three core features of autism. Indeed, 
we would argue that the evidence suggests we should abandon the 
attempt to find a single cognitive explanation, in favor of good 
accounts for each distinct aspect of the triad. 

Current cognitive accounts of autism can be divided into those 
that posit a primary deficit in social cognition (theory of mind^^ 
emotion processing^- or social orienting^*^) and those that posit a 
primary deficit in nonsocial or domain-general processing (executive 
dysfunction^^i enhanced processing of local features^^*^^ or abnormal 
attentional processes^^). To date, no primary deficit has been proposed 
that can plausibly account for the full triad of social, communicative 
and rigid/repetitive difficulties^^. 'Social first' accounts easily explain 
why social and communicative difficulties might develop, but deriving 
rigid/repetitive behavior as a downstream effect has proved unsatis- 
factory. Repetitive behavior and interests do not appear to be simply 
a reaction to an incomprehensible social world; they occur in high- 
fianctioning individuals with ASD who have some social insight as well 



as in lower-fiinctioning'mind-blind* people with autism, and they serve 
self-stimulatory as well as calming functions-^. 

Nonsocial or domain-general accounts of autism, on the other 
hand, struggle to explain why social insight and communication are 
so particularly impaired, often alongside average or high intelligence 
and good reasoning in nonsocial areas. A general appeal is often 
made to complexity, with the claim that social interactions are 
simply the hardest thing our brains have to process. But without a 
metric for complexity, this claim seems empty; after all, computers 
struggle to solve 3D segregation of objects in vision but need 
little processing power to multiply large numbers. By contrast, 
intellectually impaired children do not struggle to see in 3D, but may 
never master multiplication. The distinction is presumably that our 
brains evolved to solve some types of problems and not others; hence 
some tasks are 'easy' and some 'difficult' for a typically developed 
brain. Interpreting social stimuli may be one of the tasks for which 
our brains are adapted, thus complexity explanations of specific 
social impairments in autism seem unsatisfactory. Nor do the data, 
such as they are, suggest that the degree of cognitive impairment 
in, say, reading others' minds, is strongly related to the degree of 
detail-focus or repetitive behavior^° Instead, different cognitive 
accounts appear to explain the distinct features of autism well, and 
correlations can be found between specific test performance and 
symptom severity within each area of impairment^ V'^- 

Neuroimaging studies of autism also appear to offer support for the 
independence of the cognitive substrates for social-, communicative 
and rigid/ repetitive impairments. Imaging in healthy and ASD adult 
volunteers suggests that social cognition relies upon a specific network 
of brain regions, including the medial frontal cortex, temporoparietal 
junction, superior temporal sulcus and temporal poles'*^. Lack of 
preferential attention to speech in autism has been associated with 
specific abnormalities in encephalographic (EEC) studies^"*, and lack of 
activation of superior temporal sulcus voice-selective regions in response 
to vocal sounds has been reported^^. Rigid and repetitive behavior has 
been linked to caudate abnormality in ASD^^. Future developmental 
neuroimaging will clearly be critically informative regarding the relative 
independence of brain substrates for key cognitive functions. 

Implications 

In light of the above research, we suggest that it is time to give up on the 
search for a monolithic cause or explanation for the three core aspects 
of autism, at the genetic, neural and cognitive levels. Clearly a question 
remains of why these three features co-occur at above-chance rates. At 
the genetic level, although the majority of genes appear to be symptom 
specific, there is evidence for a minority of overlapping genes between 
domains. At the cognitive level, impairments in more than one domain 
may interact; compensatory strategies may be reduced in the face of 
multiple impairments. Given the widespread comorbidity generally 
found in developmental psychopathology, what is most remarkable is 
the extent of fractionation among the three core aspects of autism. 

The implications of our argument are as follows. First, behaviorally it 
would seem useful to measure the three aspects of the triad separately, 
rather than rely on global ratings of autism severity, or ratings that focus 
exclusively on social functioning. 

Secondly, molecular genetic studies, which have resulted in little by 
way of replicated linkage, should abandon the search for genes Tor 
autism' as a whole. Instead, we suggest approaches that will allow 
identification of genes contributing specifically to social, communica- 
tive or rigid/repetitive traits, as we believe that the. majority of genes 
relevant to ASD will have symptom-specific action. Indeed, recent stud- 
ies that have focused on subgroups within ASD, such as those showing 
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high levels of insistence on sameness^^ or those with delayed onset of 
phrase speech*^^, have shown stronger linkage signals. 

Heterogeneity within the autism spectrum is perhaps the biggest 
single obstacle to research at all levels^^. A third implication is that 
heterogeneity in ASD, on our account, is not simply due to noise or the 
complex unfolding of development, but is an unavoidable consequence 
of variation along at least three largely independent (although of course 
interacting) dimensions of impairment. 

Fourth, our argument and our findings within a large twin sample 
suggest that there maybe many individuals with isolated impairments 
in one aspect of the triad, who do not meet diagnostic criteria for 
any recognized disorder, but show difficulties of comparable severity 
to those with autism. How we identify and meet the needs of these 
children and adults is a key challenge for the future. 

Lastly, if different features of autism are caused by different genes, 
associated with different brain regions and related to different core 
cognitive impairments, it seems likely they will respond to different 
types of treatment. Abandoning the search for a single cause for a 
single entity of autism may also mean abandoning the search for a 
single 'cure' or intervention. 
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KRZYSZ^FMARLICZ, KRYSTYNA CHRZANOWSKA 

OZNACZANIE CHYMOTRYPSYNY W STOLCU W DIAGNOSTYCE 
PRZEWLiEKLEGO ZAPALENIA TRZUSTKI 

Z Kliniki Gastroenterologii 
Kierownik Kliniki: doc. dr hab. med, K. MarUcz 
i Zakladu Blochemii KUnicznej PomorskiesJ Ak. Med, w Szczechiie 
p«o. Kierownika: dr med. Bobnis 
Oznaczanie chymotrypsyny w stolcu jako test diagnostyczny w przewle- 
klym zapaleniu trzustkl ma juz Bwoj^ blisko 25-letni4 historic. Dopiero 
rozw<y syntetycznych substrat6w w ostatnich 4 latach sprawii. ze wyniki 
uzyskiwane staly si§ znacznie bardziej wiarygodne. (Wiad. I«k., 10«8, torn 
41, iir U.) 

Pomimo burzliwego rozwoju w ostatnich latach znakomitych metod obra- 
zujqcych trzustk? (ultrasonografia, pankreatografia wsteczna, tomografia 
komputerowa czy rezonans magnetyczny) — testy oceniaJ^ce czynnoSc 
trzustki S4 nadal potrzebne. Dotyczy to szczeg61nie przypadk6w, w ktdrych 
musimy r6znicowa6 mi?dzy ostrymi czy przewleklymi nawrac^^cymi zapale- 
niami trzustki. 

Idealnym testem czynnosciowym, a wi^c takim kt6ry by mial wysokg spe- 
cyficzno§6, wykry wal przewlekle zapalenia trzustki (pzt) we wczesnych okre- 
sach choroby i r6znicowal ten stan z rakiem trzustki, medycyna kiiniczna jak 
do ted pory nie dysponuje. Nagblizszym owego idealu jest wci^z test sekrety- 
nowo-pankreozyminowy, ale wysoki koszt oraz duza czaso- i pracochlonno&c 
ograniczai^ jego stosowanle do wybranych duzych o&rodk6w spe<dalistycz- 
nych. 

W^6d pros^dli i tai&szych testow poSrednich oznaczanie chymotrypsyny 
w stolcu wykonywane jest juz od niemal 25 lat (8). Pierwsze lata stosowania 
tego testu z u^ydem substrat6w zelatynowych czy kazeinowych, a wi^c ule- 
g^^cych hydrolizie przez bakterie jelitowe byly powodem, ie nie zdobyi on 
sobie trwalego miejsca w diagnostyce pzt (2, 9). Dopiero rozw6j w ostatnich 4 
latach nowych, syntetycznych substrat6w (4, 7) sprawil, ±e uzyskiwane wyni- 
ki okazaly si^ bardziej wiarygodne. Szerg prac {7, 8) wykazalo dobr^ ko- 
relaqj§ mi§dzy aktywno^ci^ chymotrypsyny w stolcu a testem sekretyno* 
wo-pankreozyminowym. . . 

Stale poszukiwanie prostego. dost^pnego w kazdym szpitalu testu ocenia;i^' 
cego przyn^mniej orientacyjnie £Unkq}§ zewnq^trzwydzielniczi^ trzustki stalo 
si^ dla nas bodzcem do wlasnej oceny przydatnoSci oznaczania chymotryp^- 
ny w stolcu z uzyciem nowych syntetycznych substrat6w, 

MATERIAL I METODA 

Material stanowilo 23 chorych z przewleklym zapaleniem trzustki. Rozpoz- 
nania powyzsze ustalono w oparciu o metody obraziu^ce (ECPW* TK** i 



* Eudoskopowa cholangio-pankreatografia wsteczna. 
^* Tomografla komputerowa. 
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USG**"), Przynsuniniej dwie z tych metod musiaiy wykazy wa6 oczywiste zmia- 
ny morfologiczne w trzustce. U dwoch z tych chorych obraz morfologiczny 
3U£rerowal obecnoi^^ raka a wykonana biop^a asplracyjna cienkoi^owa sixge- 
sti^ t^ potwlerdzita. V wszystkich chorych wykonany test sekretynowo-pank- 
reozymbfiowy wypadl patologicznie. Za wynik taki przyjxnowano wartoSci 
dwuw^glanow ponizej 10 mmol/godzin^, enzym6w (amylazy i lipazy) ponizej 
10000 j/godz, oraz biaika ponizej 1 000 rng/godz. 

Grup^ kontroln^ stanowilo 19 osob zdrowych bez dolegliwoSci ze strony 
przewodu ppkarmowego. Byli to w wi§kszo§ci pracownicy laboratorium. 

Ponadto dokonano oznaczeh u trzech chprych z ci^zkim pewnym zespotem 
zlego wchlaniania (choroba trzewna». zesp61 todtkiego jelita). Przesuzegano 
zalecanej (4) zasady nie przyjmowania przez osoby badane zadnych prepara- 
t6w trzustkowych przez przynajmniej 5 dtii przed oddaniem stoica do bada- 
ma. 

Oznaczenie chymotxypsyny w stolcu wykony wano metod^ Del*Mara w mo- 
dyflkacji Kaj^ra (wg 4> z zastosowaniem sztucznego substrata (bursztyny- 
lo-aianino-prolino-fenyloalanino-para-nitro*anilid). Zasady metody Jest od- 
szczepianie przez chyznotrypsyn^ para-nitroaniliny od tego substrata. Do oz- 
naczen uzyy;ano gotowych zestawow firmy Boehringer-Mannheim. 

Probki stoica — 100 mg ± 5 mg rozcieAczano w speqjalnym pojemniku do 
chwUi calkowitego i rdwnomiernego rozproszenia zawartoici pr6bki w ply- 
nie. Oznacze:6L dokonywano w odwirowanym supematancie, mierzqc absorp- 
cj§ w czasie przy dlugosci fali 405 mm. 

WYMKI 

W grupie chorych z pzt wartoiici chymotrypsyny w stolcu wynosily od 0,8 
uJg do 17 ii/g z tym, ±e tylko u dwdch chorych przekraczaty one 10 \i/g, 
srednio wynosiiy one w tej grupie 4,9 ±3,96 (i/g stolica. 

W grupie os6b zdrowych st^zenie chymotrypsyny wynosjJto od 12,9 >i/g do 
34,3 >i/g — Srednio 22,72 + 7,63 \ilg stoica. R6znica mi^dzy grupq kontrohi^ i 
badan^ byla wysoce znamienna statystycznie (p<0,001). 

U trzech chorych z ci§zko przebieg^^cym zespotem i^ego wchlaniania uzy- 
skane wartoSci wynosiiy 8,9; 7,1 i 9.4 ^/g stoica. 

U dwojga chorych z pzt ze znacznie obnizon^ aktywnosci^ chymotrypsyny 
w stolcu wykonano powt6rne kontrohie badanie w odstf pie kilku dniu. Uzy- 
skane wartosci byly zblizone (2,7-3,6 oraz 3,2-2,9), co przemawia za dobr^ po- 
wtarzalno^GiQ wynikow. 

OM6W1ENIE 

Uzyskane wyniki wykaziuQce wyraine r6znice mi§dzy st^zeniem chymo- 
trypsyny w stolcu chorych z pzt i stolcu os6b zdrowych przemawi^Q za przy- 
datnoSci^ kliniczna ocenianego testu. 

Prawd% jest, ze wszyscy badani chorzy z pzt, to chorzy cons^mniej z kilku- 
letnim wywiadem i zaawansowar^mi zxnianami zapalnymi w trzustce. Przy- 
datno£6 oqeni^ego testu ma by znacznie mniejsza we wczesnych postaclach 
pzt (1, 8), gdzie wypada on dodatnio jedynie w 50%. Podobne zastrzezenia 
iTiozna mie6 jednak w odniesieniu do innych test6w (5^ 6, 7), nie mdwi^c juz o. 
trudnoi^ciach w zebraniu odpowiednio Ucznej i wiarygodncg grupy chorych z 
wczesnymi postaciami pzt. W codziennej praktyce klinicznej diagnostyka za- 
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awansowanych postaci pzt r6wnie2 jednak napotyka na trudnoSci wyxiik^^ce 
gl6wme ze szczupej bazy sprz^towej i materialowej (enterohormony) naszych 
szpitali. 

Zalet^ testu z chymotrypsyn^ w stolcu jest prostota, S2ybkoS£ oznaczania 
lue przekraczaj^ca 15 minut oraz fakt, ze akty wnoic chymotrypsyny w stolcu 
jest bardzo stala przez szereg dni, co umozliwia tez powtarzanie oznaczeii co 
pewien czas, a wi^c sledzenie dynamiki zmian czy stosowanie .follow up" po 
priebytym ostrym zapaleniu trzustki, Poza wykazaniem przez Wormsleya 
icyt. za 6), ze ilo§6 chymotrypsyny w kale dobrze koreltOe z jej zawarto^ciq w 
soku d>Khmasthics^m. Szereg autordw (1, 6) por6wnywalo warto66 badama 
jednorazowej probki stolca z oznaczaniem chymoti^psyny w 3-dniowej zbidr- 
ce stolca wykaziU^c zbliione wyniki. Zwazywszy hiepor6wnywalnie wygod- 
niejsz^ pierwsz^ forrn^ badania spostrzezenie godne jest odnotdwania. 

W ocenie uzyskiwanych wynik6w oznaczania stezenia chymotrypsyny w 
stolcu u chorych z pzt nale:^ oczy wi^cie bra6 pod uwag§, ze test ten nie jest zu- 
pelnie swoisty. Wyniki falszywie dodatnie spotyka si^ w stanach cachexu 
(upo^ledzona syhteza enzymdw trzustkowych), w biegunkach nietrzustkowe- 
go pochodzenia — niskie st^zenie chymotrypsyny spowodowane rozd^Acze* 
niem stolca, czy w zdhaczce cholestatyczneg — brak stymulacji ±6lci (3, 7). 

Bardzo niskie jednak wartoSd chymotrypsyny w stolcu — ponizej 4 |i/g 
m^^ wystf powa6 jedynie w pzt (4, 8). WartoSci w przedziale 4,0-12,0 n/g wyma- 
gBi% rdinicowania z wymieniohymi stanami. 

Wlasna pr6ba z oznaczaniem chymotrypsyny w stolcu u trojga chorych z 
zespolem upoSledzonego wchlaniania potwterdza r6wniez te dane. 



WNIOSEK 

Po wyl^czeniu kilku znanych pozatrzustkowych przyczyn niskich warto^ 
chymotrypsyny — pomiar tego enzymu w stolcu Jest prostym i wartoteio- 
wym testem diagnostycznym w przewlekiym zapal^u trzustki. 



K. MapjxMM, K. XuiaBOBCKaa 

OIXPEA&JIBHHB XHMOTPMnCHHA B CTVJIB B AMATHOCTIIKE 
XPOK>l4£CKOrO nAHKPEATHTA 

CoAepBcaHMe 

OnpeAenenlte xMMOTpHncHHa a cTyjie xaK AHaraocTMHecKKft tcct b xpoHmecxoM 
naRKpeamre nj^MueiiffeTCH yme hohtm 25 ne% no vmbko pasByrme cHHTCTMHecKMx 
cyocvpaTOB 9a nocneAtme 4 roAa 3uanHi*ejibKO noBbiCHJio AocTOBepHocTb pe9ym>^ 
TsnoB 9Toro T6Cta. ^ 

Mcnojib3ya noAroTOBAeHHbie 4>MpM0ft BodpHMreprMaHureiiM cocraBBt k npOBOAa 
M3MepeHMa aDcppox^HH Bi»2CBo6o9KAeHKoro xMMOTpMncMuoM p-uKTpo*aHMjnuia, OTmen- 
xeBHoro or cHHwmecKOTo cyCcxpaTa Succ— Ala — Ala — Phe— p — . as-ropbt, 
KCcaeAoaaAH 25 GonhuiaK c noATsepHCAeHabiM xpOHimecKHM naKKpeaTMTOM m 19 
3A0P0BUX nun, Pacno3HaBaHKe xpoHinecKoio nanxpeaTHTa onHpanocb hb MerOAax 
BH9ya^M3Hpy]0ii^ opran k ita noKaaaKMBX ceKpeTMHOBo-xojieuKCTOKHHKHOBoro to- 
era. XoKueKTpauMH xuMKorpMncKsa b npo6e cvyaia b MCCAeAoaaBuiue^ca rpynne 
paBHffiaacb b cpeAHeM 4^±3,95 Mx/r. B KOHTpojibBoid rpynne a cpeAKeM 21.72 ± 
"ifiZ MK/r. 

ABTOpbx c«iMTaKiT. WO nocjxe BbncAmeKiui paAa HSBecTHUx auemiABce^xyAOHHbsx 
npmHH UM3HICX aaaHeHicfii: xKMOrpifnciuia onpeAeneiiKe sxoro ^lepMeKra b cTync 
HBAaeTca npocTbiM k MeaHbiM AKarHOCTmecscHM vecTOM b xponinecKOM naiucpea* 

TMTe* 
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K. Marlicz, K. Chrzanowska 

DETERMINATION OP CHYMOTRYPSIN IN STOOLS 
IN THE DIAGNOSIS OF CHRONIC PANCREATITIS 

Summary 

Determination of chymotrypsin in stools as a diagnostic test in chronic pancreatitis 
dates back to about 25 years ago. However, only the development of synthetic substra- 
tes in. the last 4 years caused that the obtained results became much more reliable. 

Using Boehringer Mannhein diagnostic kits and measuring the absorption of p-nit- 
ro-^aline split-o£f by chymotrypsin ftom the synthetic substrate Succ-Ala-Ala, 
Phe-p-Na 23 patients with established diagnosis of chronic pancreatitis and 19 healthy 
suldecis were studied. The diagnosis of pancreatitis was based on the methods of pan- 
creas imaging and the secretin-pancreozymin test. The concentration of chymotrypsin 
in stool samples was, on the average, 4,9+3*95» \ilg. In the control group this mean 
value was 21.72 +.7.^, |</g. 

The authors think that after ruling out of a number of known extrapancreatic causes 
of low chymotrypsin values, the determination of the enayme in stools is a simple and 
valuable diagnostic test. 
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New Photometric Assay for Chymotrypsin In Stool 

p. Kaspar, G. M6ller, and A. WahtefMd 



In this new photometric assay fecai samples are pretreated 
with detergent and high concentrations of salts. The subse- 
quent kinetic enzyme detemnlnation step involves the chro* 
mogenic substrate sucdnyl-Ala-Ala-Pro-Phe^nitroanillde. 
The sample pretreatment assures a nearly complete solubili- 
zation of the fomnerly particle-bound enzyme, thus permitting 
detemnination of the enzyme activity in either the suspension 
or the supemate after centrlfugation. Furthemnore this pre- 
treatment enhances the enzyme activity and decreases the 
Km value. Results by this assay correlate well with those by 
classical titrimetry and the method Is easily adapted to 
automated systems. 

Additional Koyphraaes: kinetic enzyme assay • synthetic suth 
etratea - panaea^ function 

The diagnostic value of the determination of chymotryp- 
sin in stool for detecting an exocrine pancreatic insufficien- 
QTt caused by chronic pancreatitis or cystic fibrosis, is well 
documented in the literature (i, 2) but has not been widely 
applied because of methodological drawbacks. Chymotiyp- 
sin is firmly bound to the stool particles and dissolves in 
variable proportions. Prior attempts to solubilize the en- 
zyme have been unsuccessful (3). Up to now the most widely 
used method is the titrimetric pH-stat method with N-a- 
aoetyltyrosine ethyl ester (ATEE) as substrate as proposed 
Pelot and Grossman in 1962 {4} and introduced into 
clinical chemistry by Haverback et al . in 1 963 (5); this assay 
is quite time consuming and needs special equipment^ In a 
variation of this meth^ the time needed for ttie liberated 
amino add to change the pH a defined value is deter- 
mined (6). 

A further method with ATEE as substrate involves mea- 
suring the conversion rate of the substrate in a defined time 
interval by subsequent enzymic determination of the etha- 
nol formed during the chymotrypsin reaction (7). 

The direct use of chromogenic substrates was not feasible 
because of insufficient sensitivity and interference firom 
dense stool suspensions. Centrifiigation of stool samples 
dissolved in saline provided only unrepresentative portions 
of the en^me in the supemate (8), However, sufficiently 
strong signals were obtained with suocinyl-Phe-4-nitroani- 
lide (9) or ^•benzoyl-Lrtyroeyl-4-aminobenzoate (10) as sub- 
strate if the aromatic amine formed during the reaction 
within the fecal suspension was converted into an azo dye by 
the Brattonr-Marshall reaction. In a fiurther modification 
the azo dye formed from 8uocinyl-Phe-4-nitroanilide was 
extracted with an oiganic solvent prior to the photometric 
measurement ill). However, all methods based on the 
conversion of amines into azo iyea by the Bratton-Marshall 
reaction are susceptible to int^erence from sulfonamides, 
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degrlEulation products of choramphenicol, and other sub- 
stances capable of forming azo dyes undo* reaction oondi* 
tions. 

The different disadvantages of the methods described 
above can be overcome by a new assay we have developed, 
which combines a special sample pretreatment for 8olid>ili- 
zation of the particle-bound enzyme and a subsequent 
kinetic measui^ement with a common spectrophotometer of 
absorbance in the visible region. 

Materials and Methods 

We obtained 80 presumably normal stool samples from 
the laboratory staff; 14 pathological samples from hoq>ital- 
ized patients ¥nth chronic pancreatitiB were obtained from 
Prof R. Ammann, ZOrich, Switzerland. Stool samples (ap- 
prox. 100 mg) were homogenized with a Potter-Elvel\jem 
apparatus (Braun, Melsungen, F.R.G.). The sample suspen- 
sion was then oentrifiiged at about 1000 x g for 5 min. 

All reagents used were commercial products of p.a. grade, 
except the detergents, which were of technical grade. ATEE 
was obtained from Sigma Chemical Co., St Louis, MO, Sue- 
Ala-Ala-Pro-Phe-4.NA and Ala-Ala-Phe-4-NA from Ba- 
chem, Bubendorf, Switzerland; Me0^c-Arg*Pro-TVr-4-N A 
from Kabi Diagnostica, Stockholm, Sweden; and Z*Val-Arg- 
4-NA (ChromoQrm* TRY) from Pentc^harm, Basle, Swit- 
zerland. All enzymes used were from Boehringer Mann- 
heim, Mannheim, F.RG., except pepsin and trypsin, which 
were from Merck, Darmstadt, F.R.O. 

For titrimetric determination of chymotiypsin (5) we used 
pH-stat equipment Qif etronohm, Herisau, Switzerland). For 
photometric measurements we used a qwcCral line photom- 
eter from Eppendorf Gerfttebau, Hamburg-Eppendorf, 
F.RG. All measurements were done at 25 "Xi, 

If not stated otherwise, we used the following procedure 
for the photometric determination: homogenize 100 mg of 
fecal sample with 10 mL of reagent A (per liter, 500 mmol of 
NaCl, 100 mmol of CaCl2» and 7 mL of lauryltrimethylam- 
monium chloride), then add 100 fcL of this suspension or its 
centrifuged supemate to 2 mL of reagent B [per liter, 0.5 
mmol of Suc-Ala-Ala-Pro-Phe^NA, 100 mmol of Trie HCl, 
10 mmol of CaCl2, and 260 mmol of NaCl at pH 9.0 (25 X?)]. 
After a 1-min delay, monitor the increase in absorbance at 
405 nm for about 3 min. 

The activity of chymotrypsin (U/L) in the sanqiile solution 
is equal to: 

^ (min-*) X X — (mol-cm-L-*) x \ (cm'*) 

at Vaanipto C d 

or, U/L = (AA/At) x 2121 

where e4.NA - 99W L ' mol** • car\ Vtoui - 2.1 mL, Wtam^ 
= 0.1 mL, d (pathlength of cuvette) = 1 cm. 

Because stool samples are dissolved in a 100-fold excess 
(vol/mass) of reagent A, a 1-L sample suspension contains 10 
g of stool. Therefore one can express chymotiypsin activity 
as U/g of stool by dividing by 10 the sample solution 
activities: 

U/g stool = (AA/At) X 212.1 
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Reagent A and reagent B were used throuf^out, except for 
the reagent optimization experiments, where only the rea- 
gent component to be optimized was changed. In optimizing 
the composition of reagent A» we suspended 100 mg of stool 
in 5 mL of a reagent containing all con^nents except the 
one to be varied; we subeequentfy diluted this solution with 
an equal volume of reagent A containing a doubled concen- 
tration of the component under investigation. This mixture 
was rehomogenized in the Potter-EIve^lem apparatus. Fe- 
cal samples, which were analyzed both titrimetrically and 
by the photometric method, were prepared by suspending a 
100-mg stool aliquot in 5 mL of water. The suspension was 
divided into two parts: one part, for the titrimetric measure- 
ment, was diluted with an equal volume of doubly concen- 
trated saline (NaCl 308 mmol/L); the other part was diluted 
with an equal volume of doubly concentrated reagent A and 
used for the photometric assay. After this dilution, each 
suspension was again rehomogenized in the Potter-Elveh- 
jem apparatus. For the photometric assay we again divided 
the suspension into two parts: one was used directly as the 
sample solution, whereas the other was centrifuged first and 
the clear supemate was used. Fecal samples were similarly 
prepared in saline or in reagent A for substrate comparison 
experiments and for establishing lineweaver-Burk plots. 

Results snd Discussion 

Sample Pretreatment 

After pretreating the fecal samples with a combination of 
detergents and salts, we observed two different effects: 

1. The enzyme activity in the stool suspension was great- 
er than in the saline suspension of stool (Figure 1). The 
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Fig. 1. Irrftuenoe of differem detergents on enzyme aclMty and sol^^ 
zaiion in the presence of Naa, 1 mol/L (top), or CaCIa, 0.2 mol/L 
(Mtom). in the sample pretreatnent reagent 
SfmOedobkmwa (toffoolunin of each pair), eruyme acCMty in ito suapension: 
wfiiyoolims. enzyrne activity In the supemalB al^ 
SMiple wapwttion in the pfBeenoe of salt without detprg o nt « ^ 
tha tolowino detorgams (al 20 mlA): A talow aloohoi poiyg^ attwn B, 
addMon product of propylene oxide and ethylene dMne wNh aubaaqueni 
addHion of ethylene oodde; C. potyoxyelhylena aortiHan monooiaeia; D, polyoK* 
yilhylene aoilillan momlaureala; E, polyouiyeiliytone alcyl atfisr; F, po^fOBcyattiy* 
terw nonyt phenol ether; G, potyaxyethytene alcyl ether; H aodbm alcana 
MjMonate; I, aodiunhalcyl sulfate; J, sodium polyarthDl euHonala; K, aodbm 
oumene suSonala: L, laufy^pyridWum dtoulfate; M, amphotyla with betaln struo* 
lura; N, quaternary (olty amine poiyglyool ether. O. laury^pfyvldbiium cNoride; P, 
Qxyathylalcylmnonlum chloride; a lauryldftnethytenzytammonlum chloride; R 
lauryiirime«Nylammonkjm cNorlde; $, Atooelyl-/^«fthyi morphoine methoauHate 



activity may be increased by as much as an order of 
magnitude, as measured with this assay. For this activation, 
addition of the detergent to the saline suspension is suffi- 
cient. 

2. About 90% of the enzymic activity found in the stool 
suspension is solubilized, which means that nearly all the 
enzyme can be detected in the siqieinate after oentrifiiga- 
tion. However, this solubilization effect occurs only when 
both detergent and high concentrations of salts are present 
(Figures 1, 2). Various cationic and non-ionic detergents are 
suitable for activating and solubilizing the enzyme, but 
anionic detergents show either no effect or even a negative 
one (Figure 1). We found that lauzyl-trimethylammonium 
chloride gave very good results within an optimal concentra- 
tion range of about 2.0 to 20 mUL (Figure 2); at higher 
concentrations the enzyme activity in the assay is reduced. 

Many inorganic or organic salts may be used. NaCl, KCl, 
CaCl2, and trisodium citrate were eq)edally suitable, 
whereas Trie HCl, sodium acetate, and CsCla either were 
effective only at very high concentrations or inhibited 
enzyme activity. The minimal concentration of salt for 
optimal activation and solubilization was about 300-^500 
mmol/L for NaCl, 100 mmol/L for CaCl2, and SO mmol/L for 
trisodium dtrate. Obviously it is the ionic strength rather 
than the salt concentration that is crucial. The pH of the 
solubilization reagent can be varied between pH 3 and pH 9 
without any nugor influence on the results. 

Column gel chromatography demonstrated that after 
sample pretreatment with detergent and salts the solubi- 
lized fecal enzyme elutes finom the column in the same 
fraction as pure bovine a-chymotrypsin (W. Junge, personal 
communication). Tlius the enzyme is indeed desorbed from 
the stool particles. 

Optimized Enzyme Deteimination 

Substrate. We used Suc-Ala-Ala-Pro-Phe-4-NA as sub- 
strate because it shows a high conversion rate and a low ^„ 
value for the chymotrypsin reaction, dissolves well in water, 
and is sufficiently stable in aqueous solution in the desired 
pH range (pH 8-9) (12, 13), Pure crystalline o^chymotrypsin 
from bovine pancreas yields about 25 to 35% as much 
en^me activity with Sue- Ala- Ala-Pn>-Fhe-4-N A in the pho- 
tometric assay as with ATEE in the titrimetric assay, a 
finding that corresponds well to the relation of the reported 
kinetic rate constants ik^^ for both substrates: 45 and 193 
s'^, respectively (12). Surprisingly, chymotrypsin bom hu- 
man stool 8anq>le8 suspended in saline yields about 60-fold 




Rg. 2. Effect of different concentrations of lauryttrimethylammonlum 
chloride in the sarnpie pretreatment reagent (containing O.SmolofNaCt 
and 0.1 mol of CaCitz per liter) on the enzyme activity in the suspension 
(— ) and the oentrifOged supemate (— ) from three different stool 
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less emyme activity in the photometric assay than in the 
titrimeMc pH-^tat method. However, this discrepancy is 
mostly overcome by using the above sample pretreatment 
with detergent and salts, which increases the reaction 
velocity in the photometric assay by about an order of 
magnitude. Bovine a-chymotrypsin is itself slightly activat- 
ed (20-30%) in the presence of the solubilization reagent. 

The for the conversion of Sue- Ala- Ala-Pro-Phe-4-NA 
by bovine o-chymotrypsin is 43 ^tmol/L [pH 7.8 {13)] or 93 
Mmol/L [pH 7.5 (14)], respectively. In our assay system (pH 
9.0) we determined the Kj^ for bovine a-chymotrypsin as 
0.08 mmol/L, whereas the value for the human fe^ en^me 
suspended in saline was several times higher (Table 1). 
However, after pretreatment of the fecal suspension with 
detergent and salts, the ^„ for fecal chymotrypsin is re- 
duced again to the value expected finom bovine a-cliymotryp- 
sin (Table 1). Concomitantly, Vnux increases by about an 
order of magnitude (Table 1), which also explains the above- 
described activation effect (Figures 1 , 2). The of bovine a- 
chymotrypsin is not affected by the pretreatment with 
detergent and salts. 

Apart finom Suc-Ala-Ala-Pro-Phe-4-NA, other chromogen- 
ic substrates, e.g., MeO-Suc-Arg-Pro-TVr-4-NA or Ala-Ala- 
Fhe-4-NA, can be used for determining fecal chymotrypsin. 
With these substrates too, pretreatment with detergent and 
salts produces the activation and the solubilization effect 
(Table 2), as is also true for the determination of fecal 
trypsin with the chromogenic substrate Z-Val-Arg-4-NA 
[per liter, 0.5 mmol of substrate, 100 mmol of Tris HCl, 150 
mmol of NaCl, pH 8.0 (25X!)l However, in this last case, 
nonlinear kinetics are observed after sample pretreatment 

There is no influence of the detergent on tlie e-values of 
the chromogens. In the titrimetric assay with ATEE as 
substrate a slight activation (about twofold) was observed. 

pH optimum. Under our assay conditions (substrate satu- 
ration) maximal activity of bovine oH:hymotryp8in plateaus 
above pH 8.0 (Figure 3). Human chymotrypsin firom feces 
shows a broad optimum fi:x)m pH 6.5 to pH 10, which to some 
extent is sample dependent (Figure 4). We diose to use pH 
9.0, which is in accordance with the observations of Duerr et 
al. {8) regarding the pH-stat method. The observed differ- 

Table 1. and Knax Values of Two Stool 
Samples after Pretreatment with Saline or 
Reagent A 

Suspension medium K^, mmol/L U/g 

Saline 0;203 2.82 

Reagent A 0.073 20.32 

Saline 0.331 7.44 

Reagent A 0.066 42.13 

Results were ot>tained from Uneweaver-Burk plots: dupHcale measure- 
ments of nine different substrate concentrations. 

Table 2. Activation and Solubilization of Fecal 
Chymotrypsin by Sample Pretreatment with 
Reagent A 

Ctiymetrypain ectivtty, U/g 



Saline 



Reagent A 



- %aolut>l»- 

Substrate* auapenalon Suspension Supennate lation 

Suo-Ala-Ala-Pro- 

Phe-4-NA 
MeO-Suc-Arg- 

Pio-Tyr-4-NA 
Ala-Ala-Phe-4-NA 

* Sut)stFata concentration: 0.5 mmol/L in reagent B. See text tor composition 
of reagents A and B. 



3.9 


10.9 


10.5 


96 


3.3 


10.1 


8.2 


81 


0.2 


0,7 


0.4 


57 



60--«> 



40- -80 



30- -60 




20--4O 



10--2O 



I I 
85 100 pH 



Rg. 3. Effect of pH in ttie assay mixture (reagent Tris Ixiffer, 25 "C) 
on the activity of bovine ar-chymotrypstn (x) and of centrifuged super- 
nates from four fecal samples (•) pretreated with reagent A 




009 007 o5~ 



oao 



033 



080 



I 

067 



Rg. 4. Effect of different amounts of lauryttrimethytammonium chloride 
in reagent B on the eruynr>e actMty of different fecal samples (centri- 
fuged supemates) 

Values fbr detergent et 0.3 mLA (0.03%) are for the samp le sofat tons. prspared 
with reagent A; tilgher values are tiotn volumes added ^flrsdly to the assay 
mbdure 

ence between a-chymotrypsin from bovine pancreas and 
fecal chymotrypsin may be due to degradation processes in 
the intestine. Changes during intestinal passage have also 
been demonstrated by ion-«zchange cfaromatography (14) 
and by electrophoresis (IS). 

Buffer, We observed the same enzyme activities in the 
buffer systems Tris HCl, diethanolamine HC1» sodium bo- 
rate, and 3-{[tris(hydrozymethyl)methyl]amino}propanesul- 
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fimic add (all 100 mxnol/L, pH 9.0, in the presence of 20 
mmol of CaCla and 0.5 mmol of Suc-Ala-Ala-Pro-Fbe-4-NA 
per liter), but not in glycylglydne bufSsr, where activities 
were about 10% greater. Lag phases lasted as long as 2 min, 
the shortest (<0.6 nun) being observed with the Tris HCl 
oystem, which we thus selected for use. The optimal concen- 
tration of this buffer is 100 mmol/L. 

Salts, Ca^'*' ions activate chymotrypsin, enzyme activities 
being mnyiniiim at CaCl2 concentrations of 20 mmol/L or 
more. Addition of NaCl up to 500 nunol/L does not influence 
the results, but en2yme activity is sli^tly inhibited above 
this concentration. For galenic reasons, we added 250 mmol 
of NaCl per liter to the assay system. 

Influence of lawyitrimethykunmonium chloride on the 
assay system. Detergent from the sample pretreatment step 
does not influence results up to 0.6 mlAi in the assay 
mixture (see Figure 4), which corresponds to a san4>le 
volume finction of 1:11. Twice that concentration of deter- 
gent reduces the observed enzyme activity as much as 10%. 

Analytical Variables 
SpecificUy. Suc-Ala-Ala-Pro-Phe-4-NA is highly specific 



Table 3. Specificity of the Pliotometric Assay for 
<rChymotrypsin 



1 

Eniyme 


^oncfi* in sanipk 
•oln,g/L 


%aGly* 


a-Chymotrypstn (EC 3.4.21.1) 


1.91 


100 


Trypsin (EC 3.4.21 .4) 


1.91 


0.1 


Cathepsln C (EC 3.4.14.1) 


42* 


0.006 


DIspase (from Bacillus pciymyxa) 


1.91 


0.003 


Clostrlpain (EC 3.4.22.8) 


1.91 


0.002 


Pronase (from Streptomycas grtseus) 


1.91 


0.001 


Pepsin (EC 3.4.23.1) 


1.91 


<0.001 


Elastase (EC 3.4.21.11) 


700 OOC* 


<0.001 


Aminopeptidase. microsomal 


dsooC 


<0.001 


(EC 3.4.1 1.2) 






Endoproteinase Arg-C from murine 






glandule submaxlllaris 


200 000** 


<0.001 



•Compared with that of o-chymotypsin. *'U/L. 



for chymotiypsin (12). In our assay tiypsin shows about 
0.1% of the activity of an equal amount (by wei^t) of 
chymotiypsin. All other esterases showed negligible activity 
against this substrate (Table 3). 

Linearity. Some samples exhibit a lag phase of 0.5 min or 
less, after which abeorbanoe increases linearly with time for 
at least 5 min. 

Dilution curves made with reagent A are somewhat 
sample dependent and show a linear relation between 
sample concentration and absorbance increase for AA/At 
values up to 0.1. The sample volume fraction may be 
increased to 1:11 without affecting the enzyme activity, but 
a further increase to 1:6 in some cases lowered the obaerved 
enzyme activity by 10%. This is explained by the increased 
concentration of detergent from the sample preparation 
within the assay mixture (Figure 4). For routine measure- 
ments we recommend a sample volume fraction of 1:21» 
which allows tiie measurement of pathological and most of 
the normal samples without prior dilution. For foUow*up 
studies of patients with a strongly decreased output of 
chymotrypsin, however, a sample volume fraction of 1:6 
may provide better sensitivity and precision. 

Temperature conversion factors. The kinetic determina- 
tion of chymotrypsin in stool can be carried out at any 
commonly used reaction temperature. The relative activi- 
ties are: 1.0 (25 ^), 1.4 (30 2.2 (37 «C). 

Precision, The intra-assay precision for manual determi- 
nations of chymotrypsin activity in centrifiiged supemates 
in the normal range (x 18 U/g) and the clinical decision 
level (x » 4.6 U/g) is about 2% (n 20 each). 

Stability. Stability of reagents: Reagent A is stable at 
room temperature. The stability of reagent B is limited by 
slow hydrolysis of the chromogenic substrate: the blank 
value increases by less than 0 . 1 A , if storage does not exceed 
one week at 4 °C or two days at room temperature. 

Stability of the sample: Even after 12 days' storage at 
room temperature, the enzyme activity in the untreated 
fecal sample remains constant, which corresponds to the 
results of other investigators (lS-18). Once solubilized, the 
enzyme becomes suligect to autodigestion, resulting in a 
constant activity loss with time. Therefore solubilized fecal 




8 

CO 

D 
c 

10 

I 
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50 100 150 200 250 
pH-stat method (U/g stool) 



T 

300 



400 
X 




50 100 150 200 250 300 
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Fig. 5. Method comparison between the pH-stat method and the {righti 
Irwrtramplificattonot the lower aclMtyfanoe near Ih^ 1.05.r»0.g7.n»94:tor8upemalB:y» 
0.1BV -¥ 0.74. r - 0.96. n » 94 
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satnples should be measured within 3 h» if stored at room 
temperature, or within one woriting day, if the suqwnsion is 
kept at 4 "Xi. 

Comparison of Methods 

To exclude differences related to inhomogeneous enasyme 
distribution in stool samples, we prepared sample solutions 
for both the titrimetric and the photometric assay from 
common aqueous stock solution, which was diluted with the 
appropriate sample preparation solvent for each assay. 

Figure 5 diows the comparison between the titrimetric 
method with ATEE as substrate and the photometric meth- 
od with Suc-Ala-Ala-Pro-Phe-4-NA as substrate for either 
the sample suspension or the oentrifuged supemate. The use 
of dtferent substrates in each assay resulted in activities in 
the titrimetric assay that were about fivefold those in the 
photometric assay. As shown, the photometric assay per- 
forms equally well with the sample suspension or the 
oentrifuged supemate. 

Reference Interval 

According to Schneider et al; (19), the clinical decision 
level for the titrimetric assay is 15 U/g stool, lower results 
being pathological. This corresponds to 3 U/g stool in the 
photometric method. Nearly aU samples diagnosed as patho- 
logical in the titrimetric assay gave the same diagnostic 
result in the photometric assay, irrespective of whether the 
pretreated suspension or the centriifuged supemate was 
used as sample (Figure 5). Values between 3 and 5 U/g 
(photometric method) should be considered as borderline 
cases, as some investigators have reported higher decision 
levels (20-n22). 

Adaptation to Automated Analyzers 

The assay is easily applied to automated systems, because 
obstruction of the fine sampling needles by stool particles 
can be avoided by centrifiiging the sample suspension before 
analysis. We have sucoessfiilly adapted the assay to the 
following automated analyzers at 25, 30, and 37 X?: ENI, 
GSBISAEC, CentrifiChem 400 and 500, ABA-lOO, Abbott VP, 
Cobas Bio, and ACP 5040. The correlation to the manual 
procedure was excellent in all cases (r >0.99), and linearity 
is assured between 0.5 and 100 U/g stool. 

The excellent technical assistance of A. Schwarten, D. Mayr» and 
I. Vo68 is gratefiilly acknowledged. We are indebted to Dr. £. G. 
DelMar for having supplied us with samples of Suc-Ala-Ala-IVo- 
Phe4-NA 
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The aim of this study was to assess the analytical performance of 
the BMC stool chymotrypsin test and Its accuracy In diagnosing 
pancreatic disease in infants. The test utilizes a detergent which 
solubilizes chymotrypsin bound to stool residues, and a tetrapeptlde 
coupled to p-nltroaniline which is specifically cleaved by chymo- 
trypsin. We employed the IL IVlultistat at SCC to monitor enzyme 
activity as an Increase in absorbance at 405 nm. The reaction was 
linear to 600 U/g stool. Recovery of exogenous chymotrypsin with a 
single detergent extraction was 98-105%, and of endogenous chy- 
motrypsin (as detemiined by multiple extractions) 80-97%, Im- 
precision (CV) was 2.2% within-day and 2.4% between-day for the 
BMC control, and 2.4-5,2% for stool chymotrypsin In the range 
8.3'- 14.4 U/g. Since the test utilises only 100 mg of stool, in- 
homogeneity of enzyme distribution was assessed by multiple as- 
says on a single stool, which revealed a range of activity from 
4.2-150%. We therefore recommend sampling of each stool in trip- 
licate. 

With this procedure, chymotrypsin was measured in 220 con- 
secutive stool samples submitted for fat determination from children. 
Applying the manufacturer's lower reference limit of 4,1 U/g, the 
following results were obtained (number abnormal/total number): 
suspected intestinal disease with normal stool fat (5/127); proven 
intestinal disease and increased stool fat (1/26); untreated cystic 
fibrosis (OF) with (19/22), and without (0/3) steatorrhea; CF with 
pancreatic Insufficiency on replacement therapy (4/42). We con- 
clude that fecal chymotrypsin is a useful test to distinguish children 
whose steatorrhea Is due to CF (and presumably other pancreatic 
disease) from those in whom It Is due to intestinal disease, specificity 
being 97%, and sensitivity 85%. The predictive value of a positive 
(low) result was 0.95 and of a negative (normal) result 0.89. 



KEY WORDS: cystic fibrosis; celiac disease; steatorrhea; 
malabsorption syndromes; maldigestion; pancreatic insuf- 
ficiency; chymotrypsin, fecal. 

Introduction 

Despite the need for a noninvasive test which can 
provide an index of pancreatic exocrine function 
and disease of that organ, the determination of chy- 
motrypsin activity in stool has, until recently, been 
performed in very few laboratories. The binding of chy- 
motrypsin to insoluble stool debris (1-3) imposes tech- 
nical difficulties in the assay. Moreover, the correlation 
between stool excretion of chymotrypsin and duodenal 
chymotrjrpsin content is rather poor (4). It is only when 
stool chymotrypsin excretion is promoted by hormonal 
stimulation of the pancreas followed by purgation, and 
results normalized for stool nitrogen content, that its 
measurement approaches the diagnostic accuracy of 

Correspondence: Dr. D. M. Goldberg, Biochemist-in-Chief, 
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555 University Avenue, Toronto, Ontario M5G 1X8, Canada. 
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duodenal intubation procedures (5). The advent of a 
new assay in which chymotr3^sin activity is measured 
photometrically after its solubilization from stool 
homogenates (6-9) led us to investigate its usefulness 
in children with gastrointestinal disorders. 

Patients 

Over a 1-year period, fecal chymotrypsin was assayed 
in 220 consecutive stool samples received for fecal fat 
analysis. Without knowledge of the stool chymotrypsin 
results, the patients were classified by one of us (PRD), 
after reviewing the chart, into the following groups. 

1. Cystic fibrosis 

The diagnosis was made on 67 patients who had clin- 
ical features of the disease accompanied by abnormal 
sweat electrolytes on at least two successive occasions. 
Sixty-four patients had pancreatic insufficiency on duo- 
denal aspiration (lipase and colipase secretion of <2% 
and <1%, respectively, of mean values for control sub- 
jects) as previously defined (10), or had steatorrhea dur- 
ing a fat balance study, defined as >18 mmol/day or 
>10% of fat administered. Twenty-two were tested 
before enzyme replacement therapy (CF-untreated) 
and 42 after therapy (CF-treated). In addition, 3 CF 
patients who did not have steatorrhea and whose 
pancreatic function on duodenal intubation was judged 
sufficient, were also examined (CF-sufficient). 

2. Non-pancreatic malabsorption 

Twenty-six patients had intestinal disease accom- 
panied by steatorrhea, but pancreatic disease was ruled 
out (Table 1). 

3. No malabsorption 

One hundred and twenty-seven patients had normal 
stool fat excretion, and pancreatic disease was not 
present. The major conditions in this group of patients 
are listed in Table 1. 

Methods 

Three samples, each of 100 mg, were taken from all 
stool collections submitted to oiur laboratory for fat 
analysis using the special containers (Cat. No. 745.804) 
supplied by BMC (Dorval, P.Q., H9P 1A9, Canada). 
These were, for the most part, 3-day collections. The 
stool samples were immediately frozen and maintained 
at -20°C until analysis was performed 2- 16 days later. 
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Table 1 

Patient Categories and Numbers Used in This Study 



Category 

No. Description Cases (n) 



1. 




CYSTIC FIBROSIS 


67 




A. 




Pflnrrpatir TriQuffiripncv (treated) 




42 


B. 




Pancreatic InsufTiciency (untreated) 




22 


/I 

C. 




Pancreatic Sufficiency 




q 


2. 




NON-PANCREATIC MALABSORPTION 


26 




A. 




Celiac Disease 




8 


B. 




Villus Atrophy (other causes) 




3 


C. 




Severe Cholestasis 




7 


D. 




Miscellaneous Causes 




8 


3. 




NO MALABSORPTION 


127 




A. 




Intestinal 




77 




1) 


Diarrhea (mainly post-infection) 




o£ 




2) 


Short Gut Syndrome 




10 




3) 


Disaccharidase Deficiency 




5 




4) 


Gastrointestinal Reflux 




5 




5) 


Crohn's Disease 




3 




6) 


Bacterial Overgrowth 




4 




7) 


Cholestasis 




3 




8) 


Milk Allergy 




4 




9) 


Others 




11 


B. 




Non-Intestinal 




19 




1) 


Pulmonary Disease • 




7 




2) 


Metabolic Disease 




5 




3) 


Renal Disease 




4 




4) 


Neurologic Disease 




3 


C. 




Uncertain 




31 




1) 


Failure to Thrive 




27 




2) 


Psychosocial Deprivation 




4 



Phe-pNA. The assay was scaled down for use with the 
IL Multistat III Centrifugal Analyzer (Instrumentation 
Laboratories, Lexington, MA 02173) at 30°C in the fol- 
lowing way: the loader was set to sample volume 8 \xL] 
reagent volume 120 \xL; sample volume setting 8; 
sample total volume setting 38 (to flush out sample 
with 30 |xL water); reagent volume setting 48 (i.e. 48% 
of 250 fjuL); reagent total volume setting 52 (to wash out 
reagent volume with 10 |xL water); 2nd reagent setting 
OFF; Reagent/Diluent setting at DILUENT. The Chy- 
motrj^sin Reagent (Bottle 1) and Control Sample were 
freshly reconstituted with 1.5 mL and 2.0 mL of dis- 
tilled water respectively. The settings for the Centrifu- 
gal Analyzer are as outlined in Table 2. Position 1 was 
used as a blank and all the samples were measured 
against this cuvette. The control sample provided with 
the kit was used to monitor precision of the assay. This 
micro-adaptation was compared with the standard 
method carried out exactly as described in the manu- 
facturer's instructions and using a conventional spec- 
trophotometer (Unicam SP 1800, Pye Unicam, Cam- 
bridge, England) to take 4 readings over three 1-min 
intervals. The correlation coefficient for 20 duplicate 
assays over the range 0.9-58 U/g was 0.997 (slope =- 
0.94, intercept = 0.24). 

Enzyme assays were performed not more than 3 h 
after homogenization and centrifiigation of the stool 



Table 2 

Conditions for Measurement of Fecal Chymotrypsin on 



Multistat III Centrifugal Analyzer 


Code 


Parameter 


Settings 


1 


Factor 


424.24 




Reference Range 




2 


Lower Limit (U/L) 


4.1 


3 


Upper Limit (U/L) 


99,999 


4 


Filter Code (405 nm) 


3 


5 


(Reserved) 




6 


Delay Interval (s) 


60 


7 


Delta Time Interval (s) 


30 


8 


Max A A' 


0.25 


9 


(Reserved) 




10 


Start Mode 


0.001 



We confirmed that stool chjnnotrypsin activity was con- 
stant under these conditions. The samples were thawed 
and dispersed with detergent solution (lauryl tri- 
methylammonium chloride, 7 g/L, Cat. No. 718.238) 
provided by BMC with its stool chjmiotrypsin assay kit 
(Cat. No. 718.211) by vortexing for 2 min, standing at 
room temperature for 28 min, and vortexing for a 
further 5 s. From each homogenate, two aliquots of 
supemate were taken sifter centrifugation at 1000 x g 
for 10 min, and were assayed for chymotrypsin activity 
using the chromogenic substrate Succ-Ala-Ala-Pro- 
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Table 3 

Effect of Time of Standing at Room Temperature 
After Vortexing (2 min) Upon Amount of CT 
Solubilised» as Measured in Supernatant After Centrifugation 

CT Activity (U/D* 
Time 



(Min) Sample 1 Sample 2 Sample 3 



1 


28.2 


44.7 


40.2 


d 


28.7 


48.0 


46.1 


28 


28.0 


48.9 


45.7 


58 


26.8 


46.2 


46.6 



"Mean of triplicate assays 



Table 4 

Effect of Time of Vortexing Upon Anaount of CT Solubilised, 
as Measured in Supernatant After Centrifugation 







CT Activity (U/L)^ 




Time" 










(Min) 


Sample 1 


Sample 2 


Sample 3 


Sample 4 


1 


28,1 


32.4 


51.5 


47.4 


3 


28.0 


36.3 


50.4 


47.0 


6 


27.5 


36.1 


49.3 


46.3 



"After vortexing, the samples were allowed to stand at room 
temperature for variable periods such that the interval 
between start of vortexing and centrifugation was exactly 
30 min for all samples 

^Mean of triplicate assays 

Table 5 

Dyshomogeneity of CT Values in Three Samples 
of Same Stool" 



Patient 


Mean (U/g) 


% Spread 


Actual 
Spread (U/g) 


1 


22.3 


23.3 - 


5.2 


2 


12.5 


17.6 


2.2 


3 


0.6 


150.0 


0.9 


4 


20.4 


27.5 


5.6 


5 


63.0 


55.2 


34.8 


6 


22.3 


69.1 


15.4 


7 


7.2 


73.6 


5.3 


8 


5.2 


84.6 


4.4 


9 


23.9 


4.2 


1.0 


10 


19.8 


16.7 


3.3 



"Each sample assayed in duplicate 



Table 6 

Details of Patients in Whom All Three Individual 
Stool CT Assays Were Not Congruent 



Chymotrypsin U/g 



Case No. 


Category 


Mean 


1 


2 


3 


8 


3 


6.2 


7.0 


5.9 


2.8 


127 


3 


5.2 


7.6 


4.4 


3.6 


163 


3 


3.9 


3.2 


4.3 


4.2 


155 


IB 


39.1 


60.0 


3.8 


53.5 


197 


3 


4.4 


3.6 


3.8 


5.7 


209 


lA 


8.5 


6.8 


15.2 


3.8 


212 


3 


4.9 


4.0 


4.7 


6.0 


216 


lA 


3.8 


3.4 


0.6 


7.6 


71 


2 


5.2 


3.2 


7.2 


5.2 


254 


3 


4.8 


3.3 


4.4 


6.9 


253 


3 


. 10.4 


2.2 


19.2 


9.9 



samples, the supernate being kept at 4^*0 over this 
period. No loss of enzjmie activity occurred under these 
conditions. The BMC control sample was ran in the last 
3 positions of each rotor. 

Results 

Technical evaluation 

The chymotrypsin assay was easy to perform. The 
reaction was linear with enzyme concentration up to 
600 U/L (or U/g Stool). Imprecision of the assay using 
the BMC control within-day was 2.2% (8.33 ± 
0.18 U/L, n = 23), and between-day was 2.4% (8.47 ± 
0.20 U/L, n = 20). Using replicate assays on three dif- 
ferent stool samples, within-day inaprecision was as 
follows: 

Sample 1: 8.3 ± 0.2 U/L (CV = 2.4%, n = 11); 
Sample 2: 13.1 ± 0.6 U/L (CV = 4.3%, n = 12); 
Sample 3: 14.4 ± 0.8 U/L (CV = 5.2%, n = 12). 

The conditions for solubilising chymotrypsin from 
stool were explored by allowing the mixture, after vor- 
texing, to stand for periods up to 1 h before the homog- 
enate was centrifuged. The period of vortexing was also 
varied between 1 and 6 min. Data for typical experi- 
ments are presented in Tables 3 and 4. From these and 
other experiments, we selected as operating conditions 
a period of 2 min for vortexing followed by standing for 
28 min at room temperature. The supernatant obtained 
after centrifugation was stable for 4 h at 4°C and lost, 
on average, only 5% of chymotr3rpsin activity when held 
at that temperature for a ftirther 20 h. 

The recovery of chymotrypsin from the stool sample 
was studied in two ways. Firstly, known amounts of 
bovine crystalline chymotrypsin (Sigma Chemical Co, 
St. Louis, MO 63178; 3 x crystallized. Cat, No. C-7762, 
100 mg/L in 5 mmol/L HCl containing CaCU, 
5 mmol/L, and 10 g bovine serum albumin/L) were 
added to stool homogenates and the total chymotrypsin 
activity of the sample was measured with and without 
the added chymotrypsin. Recovery in 4 experiments 
ranged from 98-105%. Recovery of endogenous chymo- 
trypsin was studied by making two further extractions 
from a number of stool samples and comparing the ac- 
tivity in the first extract with that of all three extracts 
combined. Recovery in the first extraction from 4 sam- 
ples ranged from 76-97%, and was more than 92% in 
all but one sample. 

The magnitude of possible sampling errors was 
studied by taking three samples from different loci in 
the same stool collection; each was homogenized sepa- 
rately and the chymotrypsin activities of the super- 
natants were measured in duplicate. A random selec- 
tion of 10 results is shown in Table 5. The range 
between the highest and lowest values for each tripli- 
cate assay revealed a spread ranging from 4% to 150% 
of the mean, the actual spread in enzyme units ranging 
from 0.9 to 34.8 U/g. All our clinical data were there- 
fore obtained with this protocol: 3 individual stool sam- 
ples were each analysed in duplicate and the mean of 
all 6 values determined as the ch3nnotrypsin activity of 
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Table 7 

Statistical Description of Stool Activities 
in Various Clinical Categories 



Stool Chymotrypsin (U/g) 



Category 


Description 


n 


Median 


96-Percentile 


Range 


lA 


CF (treated) 


42 


18.2 


0-32 


0.3-100.3 


IB 


OF (untreated) 


22 


0.5 


0.05-1.15 


0.1- 8.0 


2 


Non-pancreatic 












Malabsorption 


26 


18.2 


1-25 


1,5- 57.2 


3 


Normal 












Absorption 


127 


22.7 


2-43 


0.1-123.1 



30- 
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Figure 1 — Distribution of stool chymotrypsin activity in pa- 
tients investigated for steatorrhea but with normal stool fat 
excretion (127 cases), patients with steatorrhea due to intes- 
tinal disease (26 cases), patients with pancreatic insufficiency 
due to cystic fibrosis but receiving exogenous enzyme therapy 
(42 cases), and similar patients prior to replacement therapy 
(22 cases). Not shown are three cystic fibrosis patients who 
had no evidence of pancreatic insufficiency on duodenal intu- 
bation, and whose stool CT and fat output were normal. 

that stool sample. Despite the apparently vdde range in 
these values, the clinical significance of the triplicates 
v^ras in most instances identical, the three values being 
either all normal or all abnormal except on 11 occasions 
(5% of the total samples analysed). These discordant 
results are presented in Table 6. 

Clinical evaluation 

Stool chymotrypsin values for all patients examined 
are presented in Figure 1, and a statistical summary of 
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the data in Table 7. Using the manufacturer's lower 
reference limit, only 5 of the 127 patients with no riial- 
absorption (Group 3) had abnormal stool chymotrypsin, 
a result which confirms the appropriateness of the 
reference interval chosen. Two of these three patients 
had extremely watery stools, and it is not surprising 
that chymotrypsin was reduced on a wet weight basis; 
had results been determined relative to dried stool 
weight, it is likely that these patients would have had 
normal stool chymotrypsin. 

One of 26 patients with non-pancreatic mal- 
absorption (Group 2) had reduced stool chymotrjrpsin 
content. Again, this result is in line with the statistical 
expectation that the reference range encompasses 95% 
of patients v^dthout pancreatic disease. However, the 
patient in question had very severe celiac disease with 
profound malnutrition to the point of manifesting 
edema and a serum albumin concentration of 20 g/L. 

Of the patients with cystic fibrosis, the three with 
pancreatic sufiBciency all had normal stool ch3Tno- 
trjTJsin. Four of the 42 patients with pancreatic insuffi- 
ciency and receiving enzyme replacement therapy had 
low stool chymotrypsin content; 3 of these 4 patients 
had steatorrhea at the time the test was performed. Of 
the 22 patients with newly diagnosed and untreated 
pancreatic insufficiency, 19 had abnormally low stool 
chymotrypsin. One of the three in this group with nor- 
mal activity gave borderline values, and was one of the 
cases lacking clinical concordance between all three 
individual assays (see Table 6). 

Making the worst assumption, that abnormal stool 
chymotrypsin values should only be encountered in un- 
treated CF patients with pancreatic insufficiency and 
that normal values should have occurred in all the 
other cases, including treated CF patients, the test had 
a sensitivity of 86% and a specificity of 95%. In the 
population tested with a prevalence of vmtreated CF of 
10%, the predictive value of a positive result was 66% 
and the predictive value of a negative result was 98%. 
Since the patients in this series were entirely un- 
selected except insofar as they had a fat balance study 
performed, the disease prevalence is probably represen- 
tative of a population of patients presenting to a 
children's hospital with presumed gastrointestional 
disease. 

In. an untreated population vsdth proven steatorrhea, 
the value of the test for discriminating between pan- 
creatic and non-pancreatic causes of steatorrhea is as 
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Figure 2 — Correlation of stool chymotrypsin with fecal fat 
excretion in all of the 220 patients examined in this study, 
with the exception of 10 whose values for one or other para- 
meter were ofT-scale: Group lA (6); Group 2 (2); Group 3 (2). 

follows: sensitivity 86%; specificity 96%; predictive 
value of a positive result 95% and of a negative result, 
89%. We tested for a quantitative relationship between 
daily fecal fat excretion and stool chymotrypsin concen- 
tration in the 2 groups of patients with steatorrhea. 
There was no significant correlation in CF patients (r = 
-0.095), or in patients with non-pancreatic steatorrhea 
(r = -0.229). With treated CF patients, the correlation 
was also low (r = -0.156). No single value of stool 
chymotrypsin could be used to exclude steatorrhea in 
all disease groups. Even with a decision threshold of 
^ 45 U/g, one case out of 23 had increased fecal fat 
excretion (not shown in Figure 2). 

Discussion 

Since the introduction by Haverback et aL of a titri- 
metric assay for chronic pancreatitis based upon the 
use of a specific substrate (11), many reports have 
sought to evaluate its utility in the diagnosis of chronic 
pancreatic disease, including CF. Early reports sug- 
gested that fecal chymotrj^sin performed on random 
stool samples could be a useful screening test for the 
detection of pancreatic disease (11-14) but the validity 
of using such "spot" stool samples as an index of pan- 
creatic function has been questioned (15-17). The test 
was particularly unreliable in mild chronic pan- 
creatitis because of the significant overlap between con» 
trols and patients with pancreatitis (11, 12). Greater 
accuracy in diagnosis was claimed when 24-hour stool 
collections were used (14), In a reappraisal of the test, 
Moeller et at. (18) used a logarithmic transformation to 
normalize the data, and found mean values for fecal 
chymotrypsin to be uniformly abnormal in patients 
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with severe chronic pancreatitis. Again, because of the 
severity of pancreatic insufficiency in children with CF, 
low values were predominant in such patients (19, 20). 

Reviewing the status of this test in 1978, Arvanitakis 
and Cooke concluded that the diagnostic value of fecal 
chymotrypsin determination was limited, since normal 
values could occur in patients with pancreatic insuf- 
ficiency, and false-positive values were noted in 
approximately 10% of normal individuals (21); they 
suggested that the test was best used as a screening 
procedure and stated that, in the presence of stea- 
torrhea, stool chymotrjrpsin levels tended to be low. 

Lankisch in 1982 summarized experience with the 
test to that date (22). The sensitivity of stool chymo- 
trypsin ranged between 72 and 95% in severe, and 
between 41 and 64% in slight, exocrine insufficiency as 
demonstrated with the secretin -pancreozymin test 
(13, 23-25). Whereas some authors found the test spe- 
cificity to be in the range of 90-100% (12, 26, 27), false 
abnormal results were found in 29% of patients with 
non-pancreatic diseases (17). Factors contributing to 
these false abnormal results included low enzyme con- 
centration due to dilution in severe diarrhea, decreased 
liberation of pancreatic-stimulating hormones in intes- 
tinal mucosal disease, and decreased pancreatic en- 
zyme synthesis due to protein malnutrition in cachectic 
states (22). Moreover, elevated fecal chymotrypsin was 
found after antibiotic therapy, presumably by reducing 
bacterial degradation, inhibition, or binding of the en- 
zyme (28, 29). 

In an attempt to enhance the secretion of chymo- 
trypsin by the pancreas and to expedite its passage 
through the intestinal tract, thereby minimizing intra- 
luminal enz3nne inactivation, Goldberg et al. devised a 
test in which chymotrypsin was determined in stools 
collected after the administration of secretin and CCK, 
followed by magnesium sulphate purgation (4, 5). Even 
under these circumstances, determination of stool chy- 
motrypsin activity by the titrimetric assay correlated 
with the enzyme content of duodenal aspirates only 
when a 24-hour collection was made and the enzyme 
activity expressed relative to the stool nitrogen content. 

Until recently, it has been mandatory to use titri- 
metric assays for stool chymotrypsin because most chy- 
motrypsin is bound to insoluble debris, probably exfoli- 
ated cells (2, 30), in a form which renders the enzyme 
difficult to solubilize by conventional procedures. The 
current BMC photometric stool chymotrjrpsin deter- 
mination has been described in a series of publications 
by Kaspar and colleagues (6, 9). The optical properties 
of the tetrapeptide substrate make for analytical 
robustness, since the wavelength of the determination 
is much more suitable for routine assays than is the 
case with an alternative photometric method which 
uses JV-acetyl-L-tyrosine ethyl ester as substrate and 
measures the liberated ethanol using alcohol dehy- 
drogenase (31). Although the velocity of the reaction 
with the new substrate is only 20% of that with N- 
acetyl-L-tyrosine ethyl ester (8), analjrtical sensitivity 
is not a problem with the current method. We were also 
able to confirm the good precision (2% to 6%) with rep- 
licate stool samples as reported by Kaspar and 
colleagues (7). 

345 



REMTULLA, DURIE AND GOLDBERG 



Although the original authors claimed good solu- 
bilization of chymotrypsin from stool using the deter- 
gent lauryl-trimethyl ammonium chloride and an ap- 
propriate concentration of NaCl, CaCi2, and trisodium 
citrate combined in a medium of high ionic strength (8), 
they did not present data systematically establishing 
enzyme recovery from a range of stool samples. We 
have checked extraction recovery by exhaustively ex- 
tracting endogenous chymotrypsin from stool samples, 
and also by estimating the recovery of bovine chymo- 
trypsin added exogenously to stool homogenates, and 
have been able to confirm the high recovery obtained 
with the single extraction procedure of the routine 
assay. Moreover, we have systematically examined 
variables such as the duration of homogenization and 
the length of time which should be permitted to allow 
optimal solubilization of the enzyme after completing 
the homogenization process. Even with hard stool speci- 
mens, our routine procedure of vortexing for 2 min, 
standing at room temperature for 28 min and vortexing 
for a further 5 s before centrifugation, consistently re- 
sulted in extraction of 90% or more of the endogenous 
chymotrypsin in stool specimens. 

The following conclusions appear to be justified: 

1. Abnormal stool chymotr)rpsin concentrations are 
rare in patients with non-gastrointestinal disease, in 
patients with GI disease and normal stool fat excretion, 
and even in patients with steatorrhea due to non- 
pancreatic disease. 

2. Abnormally low stool chymotrypsin results are to 
be expected in more than 86% of children with steator- 
rhea due to pancreatic insufficiency. 

3. Enzyme supplementation of CF patients with pan- 
creatic insufficiency restores the stool chymotrypsin 
concentrations to normal in more than 90% of patients, 
and in a large nimiber of subjects this is accompanied 
by normalization of fecal fat excretion. We are cxir- 
rently extending this study to determine whether a cut- 
off point for stool chymotrypsin can be defined which 
would make the monitoring of stool fat excretion un- 
necessary in these patients. 

4. The relationship between stool ch3anotr3T)sin and 
fecal fat (Figure 2) which resembles an inverted rectan- 
gular parabola is similar to data from over 200 patients 
presented by Anmiann et aL (32) as may be seen in 
Figure 3 of their paper. 

5. Patients with mild and moderate pancreatic insuf- 
ficiency as determined by duodenal aspiration studies 
are expected to have a high incidence of false-normal 
stool chymotr3rpsin results. Ammann et aL (32) found 
such false-normal results in 25% of patients with mod- 
erate, and 39.5% of patients with mild, pancreatic in- 
sufficiency. 

There is a need to compare the diagnostic efficiency of 
stool chymotrypsin determinations with those of other 
tubeless procedures in CF patients. Recently, we have 
assessed the diagnostic efficiency of the PABA test in 
blood and urine, and immunoreactive determinations 
of trypsin and pancreatic lipase in serum (33). The stool 
chymotr3^sin assay seems to be as sensitive as these 
procedures in patients with pancreatic insufficiency 
due to CF, and our data in patients with non-pancreatic 



disease showing the relatively good specificity of the 
test are much more extensive than we have been able to 
gather for the other procedures. However, simulta- 
neous performance of all tests in the same group of 
patients is needed for a true comparative assessment. 
Freise and Schmidt (34) found the new BMC stool chy- 
motrypsin procedure to be as reliable as the pan- 
creolauryl test in patients with suspected chronic pan- 
creatitis, while Ammann et aL (35) reported that the 
overall incidence of pathological results for the PABA 
test (49%), immunoreactive trypsin (60%), and serum 
pancreatic isoamylase (70%) fell below the sensitivity 
of stool chymotrypsin assays, which were abnormal in 
92% of the total of 125 chronic pancreatitis patients 
studied. In a later publication, Ammann and colleagues 
(36) stated that stool chymotrypsin determinations 
were valuable in monitoring the progress of patients 
with chronic pancreatitis, being relatively high in 
earlier stages of the disease, but falling to low values 
with progression of the disease, especially when drain- 
age or partial excision operations were employed for 
relief of pain. 

Technically, the new BMC stool chymotrypsin test is 
very easy to perform. We have also found that, despite 
the dyshomogeneity of chymotrypsin concentrations in 
samples from the same 3-day stool collection, the clin- 
ical inference of assaying one spot sample is identical to 
that of assaying three in 95% of the patients tested in 
this series. Anomalous results are to be expected with 
very watery stool samples which may have low chymo- 
trypsin content due to enz3ane dilution rather than to 
pancreatic failure. Very hard stool samples may also 
(but not often) underestimate stool chjrmotrypsin excre- 
tion, but a diagnosis of steatorrhea or chronic pan- 
creatitis is hardly likely to be considered in children 
with constipation. The protocol we have used in this 
work (3 independent stool samples homogenized indi- 
vidually with the supernatant of each analysed in 
duplicate) is probably not necessary in a screening or 
routine test. Even so, the scaling down of the reagents 
permitted by the IL Multistat dramatically reduces 
costs as well as the complexity of technical manipu- 
lation. We have been able to process 30 such stool sam- 
ples within 4 hours at a total reagent cost of Cdn. 
$55.00 for the enzyme reagents, Cdn. $25.00 for the 
solvent and Cdn. $20.00 for the special containers, 
making a total of Cdn. $100.00, or Cdn. $3.3 as the total 
cost for each individual stool sample assayed in dupli- 
cate. The cost (even of triplicate stool samples) com- 
pares favourably with that of other tubeless procedures, 
involves no.di^comfort to the patient, and is technically 
less demanding to the laboratory. We believe that this 
test now has an important place in the differential diag- 
nosis of steatorrhea in infancy, and may have a role in 
the screening of children with suspected CF, although 
this will require extended experience with the test 
involving patients with milder degrees of pancreatic 
insufficiency. 
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IMPROVED SOCIAL AND LANGUAGE SKILLS AFTER SECRETIN ADMINISTRATION 
IN PATIENTS WITH AUTISTIC SPECTRUM DISORDERS 

Karoly Horvath, MD. PhD,' Gerry Stefanatos, DPhiu^ 
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. ABSTRACT We report three children with 
autistic spectrum disorders who underwent 
upper gastrointestinal endoscopy and intra- 
venous administration of secretin to stimulate 
pancreaticobiliary secretion. All three had an 
increased pancreaticobiliary secretory response 
when compared with nonautistic patients (7.5 to 
10 mL/min versus 1 to 2 mL/min). Within 5 
weeks of the secretin infusion, a significant ame- 
lioration of the children's gastrointestinal symp- 
toms was observed, as was a dramatic improve- 
ment in their behavior, manifested by improved 
eye contact, alertness, and expansion of expres- 
sive language. These clinical observations sug- 
gest an association between gastrointestinal and 
brain function in patients with autistic behavior. 

Key words: autistic behavior, autistic disorder, diar- 
riiea, pancreaticobiliaiy secretion, secretin. 

iNTRODUCnON 

Autism is a pervasive developmental disorder 
(FDD) class as defined by both the American (DSM- 
IV)* and international (ICD-10)^ diagnostic systems. 
Recent surveys including the entire spectrum of autis- 
tic disorders indicate that the prevalence is about 15 
per 10,000.^ '^ Approximately 400,000 Americans are 
affected with autistic spectrum disorders, and both 
social and public health costs are significant. Despite 
the substantial body of evidence implicating neurobi- 
ologic factors in the pathogenesis of autism, the etio- 
logic mechanisms of this disorder have not been 
defined 

A significant proportion of patients with autistic 
spectrum disorders have gastrointestinal symptoms, 
such as, abdominal distension, constipation, or chron- 
ic diarrhea. In a recent study, 43% of patients had 
altered intestinal permeability.^ However, children 
with autistic spectrum disorders are not routinely 
referred for a gastroenterologic evaluation despite the 
presence of chronic diarrhea, which would nomaally 
prompt such a referral. Individuals with autism often 
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of Thomas Jefferson University, Phtladelphio, Pennsylvania, * 
^Department of Psychiatry and Human Behavior, University of California, Irvine, 
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have toileting problems, although little information is 
available about the nature of these problems.^ 

We detscribe a series of interesting observations 
after secretin administration in three children diag- 
nosed with autistic behavior. These observations 
included (1) hypersecretion of pancreaticobiliary 
fluid and (2) a significant improvement in social 
behavior, communication, and language skills. These 
findings suggest (hat gastrointestinal symptoms may 
hold important clues to the pathogenesis of autistic 
spectrum disorders and that secretin, a gastrointesti- 
nal peptide hormone, may play a role in the etiology 
of autistic behavior in some of these patients. 

Case Reports 
Case 1. J.B., a 3-year-old boy, was the product of a 
ftiU-term, uncomplicated pregnancy. Development of 
language and social behavior proceeded normally 
until 15 months of age, when the child lost his 
expressive vocabiilary and his social behavior deteri- 
orated He was clinically diagnosed with autism by a 
pediatric neurologist at 18 months of age. When he 
was 2V2 years of age, a multidisciplinary evaluation 
changed the diagnosis to FDD not otherwise speci- 
fied. Cortical evoked potential studies revealed 
abnormal responses to frequency modulations in 
sound,^ which suggested involvement of the temporal 
lobes and the thalamocortical afferents. Single photon 
emission computed tomography (SPECT) scan of the 
brain revealed decreased perfusion in the right hemi- 
sphere, with the most severe decrease in the right 
parietal-temporal region. Because of the patient's 
chronic diardiear and elevated antigliadin IgG anti- 
body titer, he underwent an upper gastrointestinal 
endoscopy. 

Case 2. A.S., a 5-year-old boy with autism, was 
referred with a 2-year history of diarrhea and food 
intolerance. His prenatal and postnatal history was 
unremarkable. His autism was diagnosed by a pediatric 
neurologist at 2 years 9 months of age. According to 
his parents, he appeared normal and responsive until 
about 2 years of age, when he completely lost his 
speech and no longer responded to his name. He was 
placed on high-dose steroid therapy at age 4, with mild 
improvement. However, the beneficial effect dimin- 
ished during the gradual discontinuation of steroid, and 
his symptoms relapsed. Intravenous immunoglobulin 
was administered without effect. The patient under- 
went upper gastrointestinal endoscopy to evaluate his 
chronic dianhea. 



Vol. 9 No. 1 



AUTISTIC BEHAVIOR AND SECRETIN— HORVATH ET AL 



9 



Case 3. D.T., a 4-year-old boy, was referred for 
chronic diarrhea with foul-smelling stools positive 
for occult blood. An autistic disorder had been diag- 
nosed when he was 2 V2 years of age. He had signifi- 
cant delays in speech and cognitive development, 
with limited social skills. Becatise of his chronic diar- 
rhea with foul-smelling stools, ha was referred to an 
allergist, and multiple food allergies were diagnosed 
The patient was placed on a significantly restricted 
diet, without any improvement in the consistency of 
his stools; he was also not toilet trained. As part of 
his evaluation, an upper gastrointestinal endoscopy 
was performed to evaluate his occult bloOd-positive 
stools and chronic diarrhea. 

Methods 

Patients, The diagnosis of autism was based on the 
criteria of the American Psychiatric Association's 
Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV),* and confirmed by 
pediatric neurologists experienced in evaluating per- 
vasive developmental disorders. 

Upper gastrointestinal endoscopy. The patients 
fasted after midnight, and the procedures were per- 
formed the next moming with the patients under gen- 
eral anesthesia. The evaluation included biopsies of 
specimens from the esophagus, stomach, and duode- 
num for histology and measurement of the digestive 
enzymes of the small intestine (lactase, maltase, 
sucrase, glucoamylase) and pancreas (see below). In 
our practice, digestive enzyme activities below the 
established third percentile values are considered 
abnormal. 

For collection of pancreaticobiliary juice, the pan- 
creas was stimulated with secretin 2 lU/kg of body 
weight (Ferring Laboratories, Inc, SufFem, NY) given 
intravenously within a minute. Biopsy specimens for 
histology were obtained after the secretin stimulation. 
Gastric specimens were stained with Giemsa to deter- 
mine the presence of Helicobacter pylori infection. 

Pancreaticobiliary fluid collection and analysis. 
All gastric juice was aspirated before passing the 
endoscope into the duodenum. The pancreaticobiliary 
juice was collected via an endoscopic retrograde 
cholangiopancreatography (ERCP) cannula posi- 
tioned distal to the ampulla of Vater. The secretions 
were collected by moving the tip into the outcoming 
fluid that was suctioned into a syringe. A basal sam- 
ple (1 to 2 mL) was collected around the ampulla of 
Vater before the secretin injection. Three additional 
specimens were collected after the secretin injection 
within a 10-minute period. The volume of secretion 
was calculated as mUmin. The aspirated juice was 
analyzed for pH, protein (mg/mL) (Bio-Rad protein 
assay), and enzymes (amylase, trypsin, lipase, chy- 
motrypsin, and carboxypeptidase A and B). The 



enzyme assays were modified by us and run regularly 
in our clinical laboratory certified by the Clinical 
Laboratory Improvement Amendment (CLIA) and the 
College of American Pathologists (CAP). An aliquot 
of collected fluid was sent for bacterial and fungal 
culture. 

Behavioral evaluation. Each child had develop- 
mental/psychologic evaluation prior to secretin 
administration. The postsecretin evaluation was 
based on the notes of therapists and teachers who did 
not know about the treatment, mteryiews with par- 
ents, and videotape recordings of child behavior. In 
addition, LB. and D.T. underwent a structured evalu- 
aidon, including assessment of intelligence, language 
ability, adaptive function (Vineland Adaptive 
Behavior Scales),^ and behavioral rating scales (Child 
Behavior Checklist [CBCL]).^ A more specific mea- 
sure directly related to autism, the Childhood Autism 
Rating Scale (CARS),*® was also used. 

Results 

Case 1 (J.B.). After secretin administration, this 
patient had a marked pancreaticobiliary secretory 
response of 10 mL/min. Nonspecific chronic inflam- 
mation was present in the duodenal biopsy specimen. 
Mild chronic inflammation and germinal center for- 
mation were noted in the gastric biopsy specimen; no 
evidence of H pylori infection was found (Table 1). A 
low lactase activity of 4.8 pmol/g protein per minute 
was measured in the duodenal mucosa (Table 2). 

Three weeks after the procedure, the patient's 
mother reported significant changes in his gastroin- 
testinal symptoms and behavior. His chronic diarrhea 
resolved, and he became toilet trained. Dramatic 
changes occurred in his autistic behavior, manifested 
by an improvement in eye contact, alertness, expres- 
sive language, and fme motor skills (Tables 3 and 4). 

Eight months after the procedure, the patient has 
retained the improvements in his cognitive skills. At 
that time, he received a single secretin infusion, 
which resulted in ftirther improvement in his lan- 
guage and cognitive fimctions. The latest behavioral 
evaluation indicates that tiie patient has changed from 
a low-fimctioning autistic child to a social, nonautis- 
tic, speech-delayed child. Repeat evoked potential 
studies indicated only a minimal delay in responses 
8 months after secretin administration. In addition, 
perfusion of the right posterior parietal and right tem- 
poral lobes on follow-up SPECT imaging was 
improved when compared with the previous study. 

Case 2 (A,S.), Following a secretin injection, 7.5 
mL/min of pancreaticobiliary secretion was obtained. 
The duodenal histology showed slight villus blunting 
compatible with a partial villus atrophy grade I-II 
(Table 1). The patient's cognitive skills improved over 
a S-week period follovv:ing the initial dose of secretin, 
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and he continues to show progress (Tables 3 and 4). 
He received a second dose of secretin 3 months later, 
which caused further improvement in his social 
behavior and language. 

Case 3 (D.T.), The patient's pancreaticobiliary 
response to secretin was increased to 8 mL/min. 
Esophageal biopsy revealed mild inflammation due 
to reflux (Table 1). The culture of his duodenal fluid 
for fimgi and bacteria was negative. His chronic diar- 
rhea resolved Most of the "claimed" antigenic foods 
were reintroduced into his diet without difficulty. 

The postsecretin behavioral evaluation was per- 
formed 3 weeks and 2 months after the procedure. 
The patient's language, social, and communication 
skills improved significantly (Tables 3 and 4). A sec- 
ond infusion of secretin 3 months later was associat- 
ed with continued improvement of the patient's lan- 
guage and communication skills. 

Pancreatic fluid analysis 

The basal fluid collection rate of 1 to 2 mL within 
2 to 5 minutes of these three cases was similar to that 
of nonautistic controls. However, all three children 
had a markedly increased response (7.5 to 10 mL/min) 
to secretin stimulation compared with the range of 
nomial values (Table 2), The pH of the collected fluid 
varied between pH 7 and 9. The protein content and 
the enzyme activities were within the normal range 
based on the assays perfomied in 215 children without 
pancreatic disease, ie, cystic fibrosis (Table 2). The 
duodenal fluid of Case 2 (A.S.) was analyzed in a 
commercial laboratory. This laboratory used kits 
designed for serum enzymes; therefore, the results are 
not comparable with those of our laboratory. 



Brush border enzymes of the small intestine 

The lactase activity of case 1 was abnormal. 
Although case 3 had low maltase activity in the duode- 
nal specimen, a maltase breath hydrogen test revealed 
normal maltose absorptive capacity (Table 2). 

Culture of the duodenal fluid 

Both the bacterial and fungal cultures of the col- 
lected duodenal fluid were normal in these children 
(Table 1). 

DISCUSSION 

We observed a hypersecretory pancreaticobiliary 
response and improvement in psychologic function in 
three children with autistic spectrum disorder follow- 
ing secretin administration. Changes in social behav- 
ior were manifested by improved eye contact and 
mcreased social awareness. In the area of communi- 
cation, an increased rate of expansion of expressive 
language was observed. These observations suggest 
that certain children with autistic behavior may have 
dysfunctions in the brain and pancreas that improve 
after secretin administration. These findings open a 
new direction in neurologic research into the causes 
and treatment of autism, as well as other neurologic 
diseases. Perhaps more important, these findings 
should provide the basis for new group studies that 
focus on the brain-gastrointestinal axis and its role in 
neurologic disorders. 

Mechanisms underlying the improvement in psy- 
chologic function remain to be elucidated, but they 
may possibly relate to a neuroactive role of the gut 
peptide secretin. Secretin is produced by the S cells 
of the small intestine that are spatially distributed 



Table 1 

Histologic Results and Duodenal Fluid Culture 








Histology 




Duodenal culture 


Case 


Age,y 


Esophagus 


Stomach 


Duodenum 


Fungi 


Bacteria 


1 


3 


Normal 


Mild 
gastritis; 
Giemsa stain: 
negative 


Minimal 

nonspecific 

inflammation 


Negative 


Negative 


2 


5 


Norma! 


Mild 
gastritis; 
Giemsa stain: 
negative 


Mild villus 
atrophy, I-II; 
nonspecific 
.inflanmiation 


Negative 


Negative 


3 


4 


Mild 

esophagitis 


Normal; 
Giemsa stain: 

negative 


Mild 

nonspecific 

inflammation 


Negative 


Negative 


Giemsa stain » 


specific staining for Helicobacter pylori. 
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Table 2 

Enzyme Measurements of Duodenal Fluid and SmaU Intestine 


A 

S- 
E 


Duodenal fluid 


Small intestine 


rium pu AJiiyiase Liqiase irypsiD cnyino- i^-A L.r-D 
output trypsin 
after 


LmCUisv iviiuiiisns oiiuaBB miauiiiiac viiuuu- 

amylase 


^^^^^ |unol/iiigprotein/inin(mean±SEM) 
mL/min 


wmnl/o nrateinAiiiii 


1 


10 7.Sdk0.2 t93±29 222±6.5 235^18 lO.Oil.O 2.010.4 2.1iA.6 


4.8t .168 27 6.9 118 


2 


7J - ♦ ♦ ♦ 


Not done 


Not done 


3 


8 . 7.6±0.2 452±116 I20±22 359±66 . 32±8.0 ' 4.1±1.2 13±5.0 


14 • Ot 27 57 42 




Normal range Normal values (mean ± SEM) 


Normal values (mean d: SEM) - 


' 1-2 7-9 I50±10J 177±8.6 193±17J 8.32±0J8 2J57±0.25 8.26±0.44 


24.1i:1.44 180d:7.68 60.1±2J9 11.71±0.67 lS2db9.0S 


^Enzyme measurements were done in a commercial laiwiatoiy, leported as oonnal; methods are (fifTerent, values are not comparable with those of oais. 

tValues below the third percentile. 

CP-A ^ carbcnqfpeptidase A; G'-B ^ caiboxypqitidase B. 





Tables 






Main Changes In Social Behavior, Communication, and Ritual 




or Repetitive Activities of Patients 






Within 5 Weeks of the First Secretin Administration 






Casel 


Casel 


Case 3 


Social behavior 








Marked lack of awareness or inattention 








to the existence of others 


+ 




+ 


Absence of joint attention or sharing 








of interest 




■ + 


+ 


Abnormalities in greeting behavior 


+ 




+ 


Abnormalities in seeking comfort 


+ 




+ 


Impairment of social imitation 




+ 


+ 


Impaired ability to make friends 






+ 


Impairment of pretend play 


+ 






Lack of awareness of social rules 


+ 




+ 


Conununication 








Abnormal pragmatics 


+ 


+ 


+ 


Impaired comprehension 


+ 


+ 




Bizarre speech patterns 


+ 


+ 


+ 


Impaired pitch stress, rate, volume. 








or rhythm of speech 


+ 


+ 


+ 


Impaired ability to express 








abstract symbolizing 








Ritual or repetitive activities 








Motor stereotypes 


+ 


+ 


+ 


Abnormal sensory or motor behavior 


+ 


+ 


+ 


Preoccupation with objects 


N/A 






Need to maintain sameness in environment 


N/A 


N/A 


N/A 


Fixed routine 


N/A 


N/A 


+ 


Restricted and/or perseverative interest 


+ 


+ 


+ 


Absence of spontaneous interest 








in activities 


+ 


+ 


+ 


+ -> improvement; - « no impiovement; N/A » not applicable. 
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Table 4 

Changes in Social Interaction, Communication, and Behavior in Autistic Patients 
Prior to and 5 Weeks After the First Secretin Infusion 



Case 



Social 
injteraction 



Communication 



Behavior, interest, activities, 
nne motor sldlls 



1 Before No interaction with 
others; no eye contact 



After Good eye contact; seeking 
physical contact; asks for 
needs {rom parents/therapists; 
recognizes the feelings of 
other people 



Two words; no flash cards; 
no receptive language; 
no response to commands 

Repeats any word; says 
short sentences; identifies 
SO flash cards and sorts by 
categofy; labels objects 



Unable to focus; staring, spinning in circles; 
low level of activity; poor fine motor skills; 
unable to draw 

Performs task after watching once or twice; 
imitates actions; interactively involved m 
videos; no abnormal movements; normal 
activity level; draws easily, completes face 
and names parts; constructing complicated 
puzzles 



2 Before 



After 



Avoids interactions exciept 
for parents; .often unaware 
or unresponsive 



Wants to be hugged; 
laughing appropriately; 
improved mood 



Rarely repeats words, 
understands 20%-30% of 
commands; completes 
only one-step commands 



Repeats short sentences, 
ABCs; gives 75%-80% 
correct responses; 
follows several-step 
conunands; uses 
words or gestures to 
conununicate needs 



Staring into space; self-stimulation; 
does not pay attention; walking on toes; 
abnormal hand and arm positions; motor 
tics; hyperactive during drills; very poor 
fine motor coordination 



Extremely alert; looks at-therapist; responds 
immediately to commands; decreased 
abnormal movements: no walking on toes; 
still hyperactive in the hands; a very good 
focus during drills; puts together Legos, 
turns key in door; balances small objects 



3 Before 



Shy, slow to warm up 
to people 



Rarely repeats words; 
one word only 



After 



Has a friend; participates 
actively in group activities, 
plays miore with his sister 
and brother; helps with 
household chores When asked; 
shares food with his sister 



Repeats almost everything; 
recognizes and repeats letters 
of the alphabet; says numbers 
up to 10 



Staring into space; self-stimulation 
(chews hands, clothing; licks objects; 
deep pressure on abdomen); does not pay 
attention; hyperactive during drills; 
poor fine motor skills; does not use a 
spoon, fork, or computer mouse 



More alert; able to stay on tasks until 
completion; stopped self-stimulation; 
definitive interest to find out names of 
things; sits down and enjoys listening to 
music; imitates actions while watching 
videos; not hyperactive, more settled; 
uses spoon, fork, and computer mouse 
accurately and easily 



from the upper crypt to the villus tip, being particu- 
larly numierous in the upper two thirds of the viUi.'* 
The effect of secretin on the pancreas and bile duct*^ 
and on the hypothalamus and hippocampus^^ is medi- 
ated primarily by elevation of cyclic adenosine 
monophosphate (AMP). The secretin precursor gene 



has been demonstrated in both the small intestine and 
the brain J"* The existence of a brain-gut relation is 
forther supported by the fact that an intraventricular 
injection of secretin stimulates pancreatic volume and 
bicarbonate output at a dose that does not stimulate 
pancreatic secretion given intravenously.*^ 
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The improvement in behavior and developmental 
functioning of these three autistic children after 
secretin administration may be either a direct or indi- 
rect effect of secretin. Several possible explanations 
have been proposed for secretin's central nervous sys- 
tem effect. The proposed areas of cerebral dysfunction 
in autism are the hippocampal formation, cerebellum, 
and temporoparietal cortex.'*''^ Secretin receptors are 
present in the hippocampal formation. Alternatively, 
secretin may act by activating the vasoactive intestinal 
polypeptide (VTPl) receptors, which are found pre- 
dominandy in the cerebral cortex and hippocampus.^' 
Secretin may have the same circulatory effect in the 
brain as in the gut^° and may increase cerebral blood 
flow in the areas of brain containing secretin recep- 
tors, such as the hypothalamus, hippocampus, and 
cortex. The comparison of pre- and postsecretin 
SPECT studies in case 1 showed a marked improve- 
ment in the cerebral blood flow after secretin adminis- 
tration, supporting such a mechanism. 

The hydroxylatipn of tyrosine to dopa is the rate- 
limiting, reaction in catecholamine biosynthesis. It 
was previously reported that secretin and other mem- 
bers of the secretin-glucagon family of peptides 
increase dopa synthesis in superior cervical ganglia in 
vitro.^' It is possible that secretin influences brain 
catecholamine metabolism through activation of tyro- 
sine hydroxylase. 

The increased pancreaticobiliary secretory response 
predicted a beneficial behavioral response in these 
three autistic children. The normal stimulatory 
response in children 3 to 6 years of age is 1 to 2 
mL/min, based on our data using flie same endoscopic 
collection technique. The published adult responses 
using duodenal intubation and extended periods of 
specimen collection vary between 1.5 and 4,9 
mL/min.^"^ These children with autistic behavior and 
gastrointestinal symptoms had a stimulated response 
of 7.5 to 10 mL/min. A high secretory response to 
secretin administration suggests a dysfunction (upreg- 
ulation of receptors) ia the ductal cells of the pancreas 
and/pr in the bile duct epitheliimi. This may happen in 
the absence of secretin stimulation, which can be the 
consequence of a secretin deficiency or a defective 
release from the intestinal S cells. 

Up to now, no clinical disease associated with an 
isolated secretin deficiency has been described. From 
the viewpoint of digestive physiology, most effects of 
secretin on the gastrointestinal tract could be assumed 
by other neuropeptides. Mild disturbances cannot be 
detected with available gastrointestinal function tests. 
Secretin dysfunction that causes only mild gastroin- 
testinal symptoms may cause more significant neu- 
robehavioral disturbances, such as those seen in 
autistic spectrum disorders. After performing more 
than 130 secretin stimulation tests during endoscopy, 



we have not observed behavioral changes in non- 
autistic children. The immediate aiid significant 
secretory response following the secretin infusion in 
these three children makes it unlikely that other tech- 
nical factors, such as sedation or the endoscopic pro- 
cedure itself, played a role. 

An indirect effect of secretin is a possibility. Secretin 
is the main gut peptide that regulates pancreatic 
exocrine secretion and hepatic bile production.^^ 
Secretin may act to reset or normalize gastrointestinal 
function (eg, restore intestinal permeability or normal 
excretion through biliary epithelium) and thereby 
improve the ability of the gastrointestinal tract to 
eliminate compounds that are detrimental to the cen- 
tral nervous system. Measurements of these possible 
toxins before and after secretin infusion in autistic 
children may help clarify the eflFect of secretin. 

Conclusion 

These preliminary observations point to an intrigu- 
ing potential role of secretin in the treatment of both 
gastrointestinal and behavioral/developmental symp- 
toms in young autistic children. Further research is 
needed to extend these observations and to explore 
the possible underlying mechanisms. 
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^ (57) Abstract: A method of utilizing the chymotrypsin level of an individual as a measure of the success of secretin, other neu- 
ropeptides, and p^tides or digestive enzyme administration to such individuals, and in particular, as a prognosticative of potential 
^ secretin, other neuropeptides, peptides, and digestive enzyme administration for persons having ADD, ADHD, Autism and other 
^ FDD related disorders. In one aspect, a method for determining the efficacy of secretin, other neuropeptides, peptides, or digestive 
^ enzymes for the treatment of an individual diagnosed with a pervasive development disorder (FDD) comprises obtaining a sample 
of feces from an individual, determining a quantitative level of chymotrypsin present in the sample, and correlating the quantitative 
level of chymotrypsin determined to be present in the sample with the PDD to determine the efGcacy of treating the individual with 
secretin, other neuropeptides, peptides, or digestive enzyme administration. In another aspect, a therapeutic method for treating 
an individual diagnosed with a PDD pervasive development disorder comprises determining the efficiency of secretin, other neu- 
Q ropeptides, peptides, and digestive enzymes adminisu^on for the treatment of the individual based on a measure of the individual's 
^ chymotrypsin level, and administering secretin, other neurop^tides, peptides, or digestive enzymes to the individual based on die 
determination of the measure of the individual's chymotrypsin leveL 
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METHODS FOR TREATING PERVASIVE 
DEVELOPMENT DISORDERS 

BACKGROUND 

1. Technical Field; 

5 The present invention relates generally to a method for treating individuals diagnosed 

with a form of PDD (pervasive development disorder) and other disorders such as ADD 
(attention deficit disorder) and ADHD (attention deficit hyperactivity disorder). More 
specifically, the present invention is directed to therapeutic method for treating individuals 
with such disorders by administering secretin, other neuropeptides, peptides, and/or digestive 

10 enzymes, as well as a prognosticative method for determining the potential effectiveness of 
the administration of secretin, other neuropeptides, peptides, and/or digestive enzymes for the 
treatment of such disorders. 

2> Description of Related Art: 

PDDs are a class of disorders defined by both American and International diagnostic 

15 systems (i.e., the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM- 
IV) and World Health Organization: International Classification of Diseases, Tenth revision 
(ICD-10)). The spectrum of PDDs include disorders such as Autism, Aspergers, ADD, and 
ADHD. PDDs are typically characterized by multiple distortions in the development of basic 
psychological functions that are involved in the development of social skills and language, 

20 such as attention, perception reality testing and motor movement. In addition, many children 
diagnosed with Autism, for example, suffer from primary diffuse gastrointestinal problems 
such as protracted diarrhea and constipation. Although PDDs are currently of unknown 
etiology, many conventional methods, such as dietary alteration, behavioral modification, and 
medication, have been utilized for treating individuals suffering fi-om PDD related disorders. 

25 Unfortunately, PDD related disorders have no known treatment beyond that which is 

symptomatic, and these conventional methods have proven unsuccessful in allowing such 
children and adults to become symptom, or disorder free. 

A child which displays signs of developmentally inappropriate inattention, impulsivity 
and hyperactivity is typically diagnosed as having ADD and/or ADHD. With these 

30 disorders, there can be marked disturbances of organization, distractibility, impulsivity. 
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restlessness, and other disturbances of language and/or social behavior, A combination of 
psychiatric care and medicine is typically used for treating children with ADD and ADHD. 

It was recently discovered that the administration of secretin, a gastrointestinal peptide 
hormone, to children diagnosed with Autism resulted in ameliorating the symptoms 
5 associated with Autism. This finding was published in the article by Horvath et aL, entitled 
Improved Social and Language Skills After Secretin Administration In Patients with Autistic 
Spectrum Disorders, Journal of the Association for Academic Minority Physician Vol.9 No.l, 
pp. 9-15, January, 1998. The secretin administration, as described in Horvath, was 
performed as a diagnostic procedure, i.e., to stimulate pancreaticaobiliary secretion during an 

1 0 upper gastrointestinal endoscopy, rather than as a therapeutic procedure. Although the 
specific mechanism by which the secretin improved the autistic-related symptoms was not 
specifically identified, Horvath postulated that secretin may have had a direct or indirect 
effect on the central nervous system. What is important, however, is that this was the first 
time that gastrointestinal problems of autistic children were linked to a possible etiology in 

1 5 Autism. 

Accordingly, in view of such findings, a method for determining whether an 
individual suffering from a disorder in the PDD spectrum will benefit from the administration 
of secretin, other neuropeptides, peptides and/or digestive enzymes, as well as a therapeutic 
method for treating such individuals with the administration of secretin, other neuropeptides, 
20 peptides and/or digestive enzymes, are highly desired. 

SUMMARY OF THE INVENTION 

The present invention is directed to. a method of analyzing the chymotrypsin level of 
an individual to determine the potential benefit of the administration of secretin, other 
neuropeptides, peptides and/or digestive enzyme administration to such individual, and in 
25 particular, as a prognosticative of potential secretin, other neuropeptides, peptides, and/or 
digestive enzyme administration for individuals diagnosed as having ADD, ADHD, Autism 
and other PDD related disorders. 

In one aspect, a method for determining the efficacy of secretin, other neuropeptides, 
peptides, or digestive enzymes for the treatment of an individual diagnosed with a pervasive 
30 developmental disorder (PDD) comprises obtaining a sample of feces from an individual. 
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determining a quantitative level of chymotij'psin present in the sample, and correlating the 
quantitative level of chymotrypsin determined to be present in the sample with the PDD to 
determine the efficacy of treating the individual with secretin, other neuropeptides, peptides, 
or digestive enzyme administration. 
5 In another aspect, a therapeutic method for treating an individual diagnosed with a 

PDD pervasive developmental disorder comprises determining the efficacy of the 
administration of secretin, other neuropeptides, peptides, and digestive enzyme for the 
treatment of the individual based on a measure of the individual's chymotrypsin level, and 
administering secretin, other neuropeptides, peptides, or digestive enzymes to the individual 

10 based on the determination of the measure of the individuaPs chymotrypsin level. 

The present invention involves determining the presence of abnormal protein 
digestion of individuals, especially children, by measuring the chymotrypsin levels so as to 
determine if the individual is likely to benefit from the administration of secretin, digestive 
enzymes, peptides and/or neuropeptides. Although there have been methods to test fecal 

15 samples for indications of cystic fibrosis and pancreatic diseases in infants, none of the 
known methods have tested fecal samples in determining the benefits of administering 
secretin, other neuropeptides, peptides and/or digestive enzymes to individuals suffering from 
a PDD. Indeed, in so far as an individual's fecal chymotrypsin level is a broad measure of 
protein and fat digestion, such levels can be applied to all those who may benefit from 

20 improvements in this mode of digestion. Furthermore, as low measures of fecal 
chymotrypsin expresses an abnormality of protein digestion, it is postulated that an 
improvement of protein digestion to promote normal growth and development of an 
individual suffering from a PDD by the administration of secretin, other neuropeptides, 
peptides and/or digestive enzymes, can ameliorate the symptomatologies of PDDs. 

25 Accordingly, in another aspect of the present invention, a therapeutic method is 

provided for treating an individual diagnosed with a PDD including but not limited to 
Autism, Aspergers, ADD and ADHD, comprising the steps of: 

determining the effectiveness of secretin administration for the treatment of the 
individual based on a measure of the individual's chymotrypsin level; and 

30 administering secretin therapy to the individual based on the determination of the 

measure of the individuals chymotrypsin level. 
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In yet another aspect, the therapeutic method involves administering a fecal 
chymotrypsin test to measure an individual's fecal chymotrypsin level. Preferably, an 
enzymatic spectrophotometry method is used for measuring the fecal chymotrypsin level of 
the individual. Upon determinating that an individual has an abnormal level of chymotrypsin, 
5 the individual is preferably administered lU/kg of body weight of porcine or himian secretin 
by means of an intravenous push method. This method can be described as the 
administration of an IV push of saline solution and secretin to equal lU/kg of body weight. 
The individual then receives 1 unit test dose (absolute). A period of one minute is allowed to 
pass to determine if the individual has any allergic reactions to the secretin. After one minute 

10 has elapsed, if no urticarial reaction or any other allergic reaction has occurred, the remainder 
of the dose is administered. Subsequent fecal chymotrypsin samples are then gathered at one 
week intervals post administration to determine any changes in the chymotrypsin levels. 

These and other aspects, features and advantages of the present invention will be 
described and become apparent from the following detailed description of preferred 

15 embodiments, which is to be read in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the overall net change in results of a CARS test (Childhood Autism 
Rating Scale) depicting behavior of 1 6 autistic children pre-secretin and post-secretin 
administration, where the solid lines indicate pre-secretin scores and the dotted lines indicate 
20 post-secretin scores; 

Fig. 2 illustrates percentage change from pre-secretin to post-secretin administration 
in the average scores of the respective components of the CARS test of Fig. 1 ; 

Fig. 3 illustrates the change in CARS scores for the sub-class Visual response from 
pre-secretin administration to three weeks post-secretin administration, where the solid lines 
25 indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 4 illustrates the change in CARS scores for the sub-class Verbal Skills from pre- 
secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 
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Fig. 5 illustrates the change in CARS scores for the sub-class Touch/Taste/Smell from 
pre-secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 6 illustrates the change in CARS scores for the sub-cleiss Object Use from pre- 
5 secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 7 illustrates the change in CARS scores for the sub-class Listening from pre- 
secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 
10 Fig. 8 illustrates the change in CARS scores for the sub-class Imitation from pre- 

secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 9 illustrates the change in CARS scores for the sub-class Body Use from pre- 
secretin administration to three weeks post-secretin administration, where the solid lines 
15 indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 1 0 illustrates the change in CARS scores for the sub-class Adaptation to Change 
from pre-secretin administration to three weeks post-secretin administration, where the solid 
lines indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 1 1 illustrates the change in CARS scores for the sub-class Activity Level from 
20 pre-secretin administration to three weeks post-secretin administration, where the solid lines 
indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 

Fig. 12 illustrates the change in CARS scores for the sub-class General Impression 
from pre-secretin administration to three weeks post-secretin administration, where the solid 
lines indicate pre-secretin scores and the dotted lines indicate post-secretin scores; 
25 Fig. 13 illustrates the measured fecal chymotrypsin levels of 16 autistic children pre- 

secretin administration; 

Fig. 14 illustrates the measured fecal chymotrypsin levels of the 1 6 autistic children 
approximately one week post-secretin administration; 

Fig. 15 illustrates the measured fecal chymotrypsin levels of 28 ADD children; 
30 Fig. 16 illustrates the measured fecal chymotrypsin levels of 34 ADHD children; and 
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Fig. 17 illustrates Ritalin levels administered before and after secretin administration 
in five of the ADHD children in Fig, 16, where the shaded bars indication pre-secretin Ritalin 
levels and the non*shaded bars indicate post-secretin Ritalin levels. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 The present invention is directed to a method of analyzing chymotrypsin levels in 

persons, especially children, as a measure of the success of administering secretin, other 
neuropeptides, peptides and/or digestive enzymes for the therapeutic treatment of ADD, 
ADHD, Autism, Aspergers and other PDD related disorders. The use of secretin for the 
treatment of Autism is presently in the investigational stages. When the positive affects of 

1 0 the neuropeptide secretin on childhood autism were first discovered and published, research 
v/as conducted by the present inventor to formulate a process that would enable one to 
definitively determine if individuals, especially children, having a PDD could be tested prior 
to the administration of secretin for its possible efficacy for treating PDD. Tests were 
performed to measure the fecal chymotrypsin levels (referred to herein as Fecal Chymotrypsin 

15 Test) in children who span the entire PDD spectrum and whose symptomotology place them 
in this DSM IV category. As demonstrated below, such tests revealed that a majority of the 
children diagnosed with autism, ADD and ADHD, for example, had abnormal chymotrypsin 
levels. It is believed that such abnormal levels of chymotiypsin have not heretofore been 
identified in the PDD population of children and adults. 

20 It is postulated that the abnormal levels of chymotrypsin are due to the inability of the 

pancreas to release bicarbonate ions, due to the lack of secretin mechanization in the small 
intestines. The small intestine has a pH in the range of 1 .0-1.5 when the bolus of food enters 
the small intestines. Normally, plasma concentrations of secretin increase when the duodenal 
pH is below 4.5, and typically doubles during the postprandial period. The s cells in the 

25 proximal portion of the small intestines release secretin in response to this low pH. The 
secretin is then released into the bloodstream and ultimately reaches the pancreas. In 
response, the pancreas releases bicarbonate ions, water and electrolytes into the small 
intestines thus neutralizing the pH by bringing it from a 1 .0-1.5 to approximately 6.5. 
Following this, the pancreas secretes the enzyme trypsin in an inactive form 

30 trypsinogen. The trypsinogen is converted to trypsin in the small intestines. In an 
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environment where the pH is 6.5 or greater, the trypsin catalyzes the formation of 
chymotrypsinogen to chymotrypsin. These enzymes are essential for the digestion of protein. 
In the absence of protein digestion, the amino acids necessary for the growth and 
development of individuals are absent. Therefore, based on tests performed by the present 
5 inventor, it is postulated that the increase of protein digestion of an individual suffering from 
PDD can lead to the improvement of such disorders. Accordingly, since secretin is 
responsible for aiding in the protein digestion process, it has been determined that the 
presence of abnormal protein digestion in individuals, especially children, is indicative of 
which individuals are likely to benefit from the administration of secretin. 

10 Indeed, in accordance with the present invention, experimental results have shown 

that the potential benefit of administering secretin, other neuropeptides, peptides and/or 
digestive enzymes to individuals diagnosed with developmental disorders falling within the 
entire spectrum of PDD may be predetermined by analyzing the measured fecal chymotrypsin 
levels of such individuals. More specifically, as illustrated below, it has been determined 

1 5 that sub-normal to abnormal levels of fecal chymotrypsin in children/adults with PDD 
symptoms will benefit fi-om the administration of secretin, other neuropeptides, peptides 
and/or digestive enzymes. In addition, experimental tests by the present inventor have 
revealed that the administration of secretin, other neuropeptides, peptides and/or digestive 
enzymes to others beyond those of who are autistic, especially those diagnosed with ADD 

20 and ADHD will benefit fi-om the administration of secretin, other neuropeptides, peptides 
and/or digestive enzymes. 

The following experiments describe exemplary diagnosis and treatment procedures in 
accordance with the invention. It is to be understood that these experiments and 
corresponding results are set forth by way of illustration only, and nothing therein shall be 

25 construed as a limitation on the overall scope of the invention. 

I. EXPERIMENT 1 

In this experiment, 1 6 children diagnosed as having autism were administered the 
following Fecal Chymotrypsin Test in accordance with an embodiment of the invention. 
First, approximately 2 grams of stool were collected from each child and placed in a sterile 
30 container (although it is to be understood that any quantity of stool may be collected, as 2 
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grams of stool is not a required amount). Each stool sample was then analyzed using, e.g., an 
enzymatic photospectrometry analysis as is known by those skilled in the art, to determine the 
level of fecal chymotrypsin in the stool. Although the enzymatic photospectrophotometry 
process is preferred, any suitable conventional method may be used for measuring the fecal 
5 chymotiypsin levels. The measured chymotrypsin levels of the 16 autistic children are 
illustrated in Fig. 13. 

After determining the chymotrypsin levels of the stools, each of these levels were 
compared with threshold chymotrypsin levels to determine if the child was likely to benefit 
from secretin administration. By way of example, with the fecal chymotrypsin tests of the 

10 stool samples being performed at 30 °C, normal levels of chymotrypsin are deemed to lie 
above 8.4 U/gram, whereas pathologically abnormal levels are deemed to lie below 4.2 
U/gram. In addition, chymotrypsin levels between 8.4 U/gram and 4.2 U/gram are 
considered equivocal, and further testing of the individual's fecal chymotrypsin levels over a 
period of time should be performed. It is to be noted that as shown in Fig. 13, all of the 16 

1 5 autistic children that were tested had abnormal levels of fecal chymotrypsin pre-secretin 
administration. 

Another stool sample was then collected from each child two days after the first test 
and analyzed to determine the chymotrypsin levels. This second test is preferably performed 
to obtain additional chymotrypsin measurements to make a more accurate determination. 

20 Those children having abnormal levels of chymotrypsin in their stools are considered 

candidates for secretin administration. Other factors that may be considered in determining 
which children are potential candidates for secretin administration aside from the fecal 
chymotrypsin levels include a previously diagnosed history of autism, a history of 
gastrointestinal (GI) dysfimction, including any history of protracted diarrhea or constipation 

25 lasting for a weeks or months, as well as a self-limiting diet consisting primarily of 
carbohydrates. 

Upon determining that a given child was likely to benefit from secretin administration 
based on the results of the fecal chymotrypsin test, the child was administered a CARS 
(Childhood Autism Rating Scale) test prior to being scheduled for secretin infusion. 
30 For each of the 16 autistic children tested, a preferred secretin infusion process 

according to the present invention was performed involving the administering of 1 U/kg of 
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body weight of Secretin-Ferring for a period of nine months at intervals of approximately 6 
weeks. In addition, another CARS test was administered to each of the 16 autistic children 3 
weeks post secretin administration to determine if their autism had changed post infusion. 
A preferred secretin infusion process includes the initial step of prepping an arm of 
5 the candidate child with an IV injection of saline. A test dose of 1 U of Secretin-Ferring is 
then administered to the child. Approximately one minute after infusion, the child is 
examined for signs of allergic reaction including rash, increased heart rate, and increase of 
blood pressure. If the child does not display any signs of allergic reaction, the remaining 
units of Secretin-Ferring is administered to the child in the manner of an IV push, which is 
10 then followed by a saline flush. Subsequently, each child receives a lU/kg of body weight 
infusion of Secretin-Ferring approximately every 6 weeks for 9 months. It is to be understood 
that any commercially available form of secretin may be used. 

Results of Experiment 1 

The results of Experiment 1 are illustrated in Figures 1-14. For instance, 
15 approximately one week after the first secretin infusion, the fecal chymotrypsin level of each 
of the 16 autistic children was measured again. The results of this test are illustrated in Fig. 
14. As shown, the chymotrypsin level of each of the 16 autistic children test increased post- 
secretin administration (as compared with the levels shown in Fig. 13). 

In addition. Figure 1 illustrates the pre-secretin CARS test results (solid line) and the 
20 post-secretin CARS test results (dotted line) for each of the 16 autistic children tested 

approximately 3 weeks after the first secretin administration. Most notably. Fig. 1 illustrates 
an overall decrease in the CARS scores indicating improvements in the PDD/autistic 
symptoms of the children. In particular. Figure 2 illustrates respective percentage decreases in 
components of CARS scores, wherein the numbers represent percentage change in the 
25 average of the scores in each component of the CARS test post-secretin administration. In 
particular. Figs. 3-12 illustrate the improved scores of each of the 16 autistic children for the 
individual components of the CARS scores. As shown, the component scores demonstrated 
improvement except for the fear component which increased 3 weeks post infusion. 
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In this experiment, 37 autistic children with abnormal fecal chymotrypsin levels were 
administered secretin over the course of 6 months using the secretin infusion process 
described above. Their fecal chymotrypsin (FC) levels were measured weekly using the 
fecal chymotrypsin test described above. 



Results of Experiment 2 

Out of the 37 autistic children tested, the fecal chymotrypsin levels of 34 children had 
returned to normal after 6 months, the fecal chymotrypsin levels of 2 children moved to 
equivocal, and the fecal chymotrypsin level of 1 child remained abnomial. These results of 
1 0 this experiment are listed in the following Table 1 . 

Table 1 



Autistic Children Tested 


Pre-Secretin 
Administration 


6 Months Post-Secretin 
Administration 


# Autistic Children w/ Abnormal FC levels 


37 


1 


# Autistic Children W Equivocal FC levels 


0 


2 


# Autistic Children w/ normal FC levels 


0 


34 



15 



20 



25 



III, EXPERIMENT 3 

In this experiment, the fecal chymotrypsin levels of 28 children diagnosed with ADD 
were obtained using the fecal chymotrypsin test described above in Experiment 1 . Figure 1 5 
illustrates the measured fecal chymotrypsin levels of these 28 children. It is to be noted that, 
as shown in Fig. 15, all of the 28 ADD children were found to have sub-normal fecal 
chymotrypsin levels since all of the values fell below 8.4 U/g. More specifically. 8 out of 28 
children were determined to have an equivocal fecal chymotrypsin level and 20 out of the 28 
children were determined to have a pathologic level of fecal chymotrypsin. As noted above, a 
chymotrypsin level of 8.4 U/g is considered a reference value for normal levels of 
chymotrypsin. 

Of these 28 children who were diagnosed with ADD and abnormal fecal chymotrypsin 
levels, 10 were administered digestive enzymes comprising amylase, proteases, lipases, 
sucrase, maltase, and other digestive enzymes. These digestive enzymes were administered 
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one tablet at each mealtime (i.e., three times a day), adjusted for the age and weight of the 
child. More specifically, for the ADD children ages 1-6, a quantity of digestive enzymes of 
approximately 4,000-8,000 U.S.1\ Units/tablet comprising lipase, amylase and protease were 
administered. For the ADD children of ages 7-12, a quantity of digestive enzymes of 
5 approximately 8,000-12,000 U.S.P. Units/tablet comprising lipase, amylase and protease 
were administered. Other digestive enzymes that were administered in smaller quantities 
included cellulase, sucrase and maltase. These digestive enzymes were administered over a 
period of 6 months. 



Results of Experiment 3 

10 At the time of this experiment, 4 out of the 10 children who were administered the 

digestive enzymes were taking Ritalin. As is known in the art, Ritalin is a stimulant 
medication used to treat children and adults with ADD and ADHD. More specifically, it is 
used to treat hyperactivity and attention problems. As a result of the administration of the 
digestive enzymes, all of the 4 children who had been taking Ritalin were able to completely 

15 stop taking the Ritalin. In addition, significant improvements in the behavior of the other 6 
children were noted. These results are showm in the following Table 2: 



Table 2 



# ADD Children w/ Sub-normal FC levels 


28 


# of the 28 ADD Children With Abnormal FC levels That Were 
Administered Digestive Enzymes 


10 


# of the 10 ADD Children That Were Administered Digestive 
Enzymes Who Were Taking Ritalin 


4 


# ADD Children Requiring Ritalin Administration 6 months Post 
Administration of Digestive Enzymes 


0 



25 IV. EXPERIMENT 4 

In this experiment, the fecal chymotrypsin levels of 34 children diagnosed with 
ADHD were obtained using the fecal chymotrypsin test described above in Experiment 1, the 
levels of which are illustrated in Fig. 16. As shown, 32 children out of 34 children tested 
were determined to have sub-normal fecal chymotrypsin levels. It is to be further noted that 

30 24 of the 34 children were found to have pathologic levels of fecal chymotrypsin. 
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To determine the effect of secretin administration on ADHD children, 5 of the 24 
children having a pathologic fecal chymotrypsin level were administered secretin using the 
secretin infusion process described above. 



Results of Experiment 4 

5 The results of this experiment are set forth in Fig. 1 7, which illustrates the required 

levels of Ritalin (in mg) of the 5 children tested both pre-secretin administration (as indicated 
by the shaded bars) and 6 months post-secretin administration (as indicated by the non-shaded 
bars). It is to be appreciated that as shown in Fig. 1 7, each of the 5 children who were 
administered secretin demonstrated significant changes post-secretin administration with 
1 0 respect to the level of Ritalin (mg) that each child needed to remain at the same functional 
level as their functional level prior to secretin administration. 

V. EXPERIMENT 5 

In this experiment, to determine the effect of the administration of digestive 
enzymes to ADHD children, 9 children of the 34 children diagnosed with ADHD (in 

15 experiment 4 described above) whose fecal chymotrypsin levels were determined to be 

pathologic were administered digestive enzymes. Such digestive enzymes included amylase, 
lipase, proteases, sucrases, maltase, and other digestive enzymes. Each child was 
administered 1 tablet of digestive enzymes at each mealtime (i.e., three times a day), adjusted 
for age and weight of the child. More specifically, for the ADHD children ages 1 -6, a 

20 quantity of digestive enzymes of approximately 4,000-8,000 U.S. P. Units/tablet comprising 
lipase, amylase and protease were administered. For the ADHD children of ages 7-12, a 
quantity of digestive enzymes of approximately 8,000-12,000 U.S. P. Units/tablet comprising 
lipase, amylase and protease were administered. Other digestive enzymes that were 
administered in smaller quantities included cellulase, sucrase and maltase. The digestive 

25 enzymes were administered over a 6 month period. 

Results of Experiment 5 

It is to be appreciated that as a result of the administration of digestive enzymes over 
the 6 month period, all 9 children were able to reduce their required Ritalin levels. Most 
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notably, 2 of the 9 children were able to stop taking Ritalin after 6 months of digestive 
enzyme administration. The results of experiment 5 are illustrated in the following Table 3: 



Table 3 



# ADHD Children w/ Abnormal FC levels Who Were 
Administered Digestive Enzymes 


9 


# or The 9 ADHD Children Whose Ritalin Levels Were Reduced 
6 months Post-Digestive Enzyme Administration 


9 


# Of The 9 ADHD Children Who Stopped Taking Ritalin 6 
Months Post-Digestive Enzyme Administration 


2 



10 VL EXPERIMENT 6 

The following experiment was performed to determine the effect of the administration 
of digestive enzymes to Autistic children. In this experiment, the fecal chymotrypsin levels 
of 17 autistic children of varying ages were measured (pre-digestive enzyme administration) 
using the method described above in Experiment 1 . In addition, the fecal chymotrypsin levels 
15 of these 1 7 children were measured 6 months post digestive enzyme administration after 

receiving digestive enzyme therapy as described below. The following table demonstrates the 
measured fecal chymotrypsin levels of these 17 children: 



Table 4 



Patient 


Age 


Pre-DE Administration Fecal 
Chymotrypsin Levels 


6-Months Post-DE Administration 
Fecal Chymotrypsin Levels 


1 


2.5 


3.3 


7.1 


2 


7 


1.5 


3.8 


3 


9 


4.0 


7.8 


4 


3.5 


2.0 


10.2 


5 


5 


33 


8.0 


6 


4 


1.0 


6.8 


7 


8 


1.6 


10.2 


8 


6 


4.0 


12.2 


9 


7 


6.8 


14.9 


10 


3 


2.8 


6.2 
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1 1 




1 >l 

J.4 


not available 








A A 




I, 


i A 




14 


1 1 




A 


15 


9 


2.2 


9.2 


16 


8 


1.4 


12.0 


17 


7 


3.8 


6.0 



As illustrated, each of the 17 autistic children were found to have either su-normal or 
pathologic fecal chymotrypsin levels. In particular, the fecal chymotrypsin level of patient 

10 #9 was found to be sub-normal as it fell below 8,4 U/g and the fecal chymotrypsin levels of 
the remaining 16 children were found to be pathologic since the levels fell below 4.2 U/g. 

Each of the 17 autistic children were administered digestive/pancreatic enzymes 
comprising amylases, proteases, lipases, sucrases, maltases, and other digestive/pancreatic 
enzymes including trypsin and chymotrypsin. The digestive enzymes were administered on a 

15 daily basis at each mealtime, preferably 3-6 times per day. The quantity of digestive enzymes 
were adjusted for the weight and ages of the child. For instance, depending on the weight and 
age of the child, a preferred quantity of lipases ranges from 4,000 - 20,000 U.S.P., a preferred 
quantity of proteases ranges from 10,000 - 50,000 U.S.P., a preferred quantity of amylases 
ranges from 10,000 - 60,000 U.S. P., a preferred quantity of pancreatin (pancreatic extract) 

20 ranges from 2,000 - 6,000 U.S.P., a preferred quantity of chymotrypsin ranges from 2-5 mg 
and a preferred quantity of trypsin ranges from 60-100 mg. In addition, any combination of 
two or more types of any of the above digestive enzymes may be administered. 

Results of Experiment 6 

As illustrated in Table 4, the measured fecal chymotrypsin levels of at least 16 of the 
25 17 autistic children were found to increase 6 months post-digestive enzyme administration. 
Most notably, the fecal chymotrypsin levels of 5 children (patients # 4, 7, 8, 1 5, and 1 6) that 
were initially found to be pathologic had increased to the normal range 6 months post- 
digestive enzyme administration. 
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Furthermore, a notable decrease in autistic symptomotology of each of the 1 7 autistic 
children was observed as a result of digestive/pancreatic enzyme administration. These 
observations are outlined in the following tables. 

Table 5 outlines the responses that were reported after administration of digestive 
5 enzymes to the autistic children in the range of ages 2-4 (i.e., 6 of the 1 7 children listed in 
Table 4). Each numeric entry in Table 5 indicates the number of children (of the 6 children 
ages 2-4) exhibiting the corresponding behavior. 



Table 5 



Behavior 


Pre-DE 


3 Months Post-D£ 


6 Months Post-DE 


some eye contact 


0 


2 


5 


toilet trained 


1 


2 


3 


some toilet training 
(not included above) 


2 


3 


not available 


some speech 


2 


3 


6 


formed bowel movement 


1 


2 


6 


hyperactive 


5 


3 


1 


plays with others 


0 


2 


4 


hand flapping 


4 


2 


1 



Furthermore, Table 6 outlines the responses that were reported after administration of 
20 digestive enzymes the autistic children of ages 5-12 (i.e., 1 1 of the 1 7 children listed in Table 
4). Again, each numeric entry in Table 6 indicates the number of children (of the 1 1 children 



ages 5-12) exhibiting the corresponding behavior. 

Table 6 



Behavior 


Pre-DE 


3 Months Post- 
DE 


6 Months Post-DE 


some eye contact 


8 


6 


8 


toilet trained 


3 


6 


6 


some toilet training 

(not included above) 


2 


not available 


4 
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some speech 


6 


8 


10 


formed bowel 
movement 


2 


7 


10 


hyperactive 


9 


5 


3 


plays with others 


3 


5 


8 


hand flapping 


6 


5 


1 



In summary, the results of the experiments described herein demonstrate 
that the fecal chymotrypsin level of an individual having one or more developmental 
disorders falling within the spectrum of PDD can be used as a marker to determine the benefit 

10 of administering secretin, other neuropeptides, peptides and/or digestive enzymes to the 

individual. Indeed, the above experiments indicate that the administration of secretin, other 
neuropeptides, peptides and/or digestive enzymes to children suffering from a disorder such 
as autism, ADD and ADHD, for example, and having sub-normal to pathologic levels of fecal 
chymotrypsin, will result in the amelioration of symptomatologies of such disorders. 

15 Although illustrative embodiments have been described herein with reference to the 

accompanying drawings, it is to be understood that the present invention is not limited to 
those precise embodiments, and that various other changes and modifications may be affected 
therein by one skilled in the art without departing from the scope or spirit of the invention. 
All such changes and modifications are intended to be included within the scope of the 

20 invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A method for treating a disorder with secretin, the method comprising the step of 
administering to an individual having the disorder an effective amount of secretin based on 
the individual's chymotrypsin level to improve a symptom of the disorder. 

5 2. The method of claim 1, comprising the steps of: 

obtaining a sample of feces from the individual; 

measuring a quantitative level of chymotrypsin present in the sample; and 
comparing the measured quantitative level with at least one threshold chymotrypsin 
level to determine the efficacy of secretin administration to the individual. 

10 3. The method of claim 2, wherein the at least one threshold chymotrypsin level is 

based on a level of chymotrypsin associated with at least one other individual of the same 
approximate age that does not have the disorder. 

4. The method of claim 2, wherein the at least one threshold chymotrypsin level is 
approximately 8.4 U/gm. 

15 5. The method of claim 2, wherein the at least one threshold chymotrypsin level is 

approximately 4.2 U/gm. 

6. The method of claim 1 , wherein the disorder comprises a disorder within a PDD 
(pervasive developmental disorder) spectrum. 

7. The method of claim 1, wherein the disorder comprises autism. 

20 

8. A method for treating a disorder with digestive enzymes, the method comprising 
the step of administering to an individual having the disorder an effective amount of digestive 
enzymes based on the individuars chymotrypsin level to improve a symptom of the disorder. 

9. The method of claim 8, comprising the steps of: 
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obtaining a sample of fec-js from the individual; 

measuring a quantitative evel of chymotrypsin present in the sample; and 
comparing the measured (Quantitative level with at least one threshold chymotrypsin 
level to determine the efficacy of secretin administration to the individual. 

10. The method of claim 9, wherein the at least one threshold chymotrypsin level is 
based on a level of chymotrypsin associated with at least one other individual of the same 
approximate age that does not have the disorder. 

1 1 . The method of claim 9, wherein the at least one threshold chymotrypsin level is 
approximately 8.4 U/gm. 

12. The method of claim 9, wherein the at least one threshold chymotrypsin level is 
approximately 4.2 U/gm. 

13. The method of claim 8, wherein the disorder comprises a disorder within a PDD 
(pervasive developmental disorder) spectrum. 

14. The method of claim 8, wherein the disorder comprises autism. 

1 5. The method of claim 8, wherein the disorder comprises one of ADD (Attention 
Deficit Disorder) and ADHD (Attention Deficit Hyperactivity Disorder) and both. 

1 6. The method of claim 8, wherein the digestive enzymes comprise a pancreatic 
enzyme. 

1 7. A method for treating an individual exhibiting a symptom of a PDD (pervasive 
developmental disorder), the method comprising administering to the individual an effective 
amount of digestive enzymes to improve one or more symptoms of the disorder. 

18. The method of claim 17, wherein the disorder comprises autism. 



18 



wo 01/43764 PCT/USOO/34000 

1 9. The method of claim 1 7, wherein the disorder comprises ADD (Attention Deficit 
Disorder), ADHD (Attention Deficit Hyperactivity Disorder) and both. 



20. The method of claim 1 7, wherein the digestive enzymes comprise a pancreatic 
enzyme. 

5 

21 . The method of claim 1 7, wherein the step of administering digestive enzymes 
comprises administering a quantitative level of digestive enzymes on a daily basis based at 
least on the age of the individual. 

22. The method of claim 21 , wherein the digestive enzymes are administered three 
10 times per day. 

23. A method for utilizing secretin to treat an individual having a disorder, the 
method comprising the steps of: 

analyzing a stool sample of an individual to determine a quantitative level of a 
compound present in the stool, wherein the quantitative level of the compound is indicative 
15 of abnormal pancreatic function; and 

administering to the individual an effective amount of secretin based on the 
quantitative level of the compound so as to improve a symptom of the disorder. 

24. The method of claim 23, wherein the compound comprises chymotrypsin. 

20 25. The method of claim 23, wherein the disorder comprises a PDD (pervasive 

development disorder). 

26. The method of claim 25, wherein the PDD comprises autism. 
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27. A method for utilizing digestive enzymes to treat an individual having a disorder, 
the method comprising the steps of: 

analyzing a stool sample of an individual to determine a quantitative level of a 
compound present in the stool, wherein the quantitative level of the compound is indicative 
of abnormal pancreatic function; and 

administering to the individual an effective amount of digestive enzymes based on the 
quantitative level of the compound so as to improve a symptom of the disorder. 

28. The method of claim 27, wherein the compound comprises chymotrypsin. 

29. The method of claim 27, wherein the disorder comprises a PDD (pervasive 
development disorder). 

30. The method of claim 29, wherein the PDD comprises autism. 
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METHODS FOR TREATMENT OF NEUROLOGICAL DISORDERS 

BACKGROUND OF THE INVENTION 

The present invention relates to methods of treatment of neurological 
disorders, including those neurological disorders selected from the group consisting of 
autism, multiple sclerosis, and enuresis (bed-wetting). 

Autism is a syndrome of early childhood which is characterized by 
abnormal social relationships, language disorder, rituals and compulsive phenomena 
including an insistence on the preservation of sameness and uneven intellectual 
development. The syndrome appears to be affected by genetic factors and 
predominantly affects boys. Causes of the disorder are unclear although individual 
cases have been assodated with the congenital rubella syndrome, cytomegalic inclusion 
disease, phenylketonuria and the fragile X syndrome. 

TreatmCTt of autism has graerally been limited to systematic application 
of behavior and speech therapy. While therapy with butyrophenones has provided 
some bmefits in limiting the most severe forms of behavior such therapy has not been 
found to resolve the psychosis. Moreover, research with serotonergic antagonists such 
as fenflurimine to treat unmanageable behavior remains controversial. Accordingly, 
there remains a need in the art for new treatments for autism. 

Multiple sclerosis is a slowly progressing demyelinating disease of the 
central nervous system which is insidious and characterized by multiple and varied 
neurological symptoms characterized by remissions and exacerbations. The disease is 
believed to be immunological in nature but treatment with immuno-suppressive agents 
is not advised. Instead, treatment with oral prednisone and with dexamethasone has 
been conmion with recent treatmrat with interferon beta showing potentially promising 
results. Neveithdess, there rranains a desire in the art for new and improved methods 
for treatment of the symptoms of multiple sclerosis. 

Enuresis (bed-wrtting) is the involuntary and repeated passage of urine 
while asleep occurring at an age when voluntary control is generally expected. 
Enuresis is familial and tends to occur more often in boys than in girls. Traditional 
treatments have included bladder exercises, motivational counseling, and treatment with 
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ixnipnumne. More recently, treatmCTt with enuresis alarms has been preferred but is 
reported to have raly a 70% effectiveness rate among 5 to 15-year olds with a relapse 
rate of 10 to 15 % , Accordingly, there still remains a desire for effective means for 
treatment of enuresis. 

5 Of interest to the present s^lication is secretin which is a polypeptide 

hormone having 27 amino acid residues which is secreted by endocrine cells of the 
small intestine. Secr^on of the hormone is stimulated by low pH as occurs with 
dumping of the food bolus firom the stomach to the intestine. This low pH stimulates 
secrrtin to induce the secretion of pancreatic juice that has a high sodium bicarix)nate 
10 concentrations which thus neutralized the HCl of the stomach contents. Secretin is 
used in diagnostic m^ods to d^rmine gastric activity and small intestine function but 
its use has not been taught for therapeutic purposes. 

SUMMARY OF THE INVENTION 

15 The present invention is directed to methods for the treatment of 

neurological disorders and their symptoms. In particular, the invCTtion is directed 
toward the treatment of neurological disorders and associated symptoms which 
disorders are selected ftom the group consisting of autism, multiple sclerosis, and 
enuresis. Specifically, the invention provides a method of treating the symptoms of 

20 neurological disorders comprising the step of administering to a patient diagnosed with 
a nara)bgical disorder a composition comprismg an effective amount of secreto The 
m^ods of the invention preferably administer secretin at a daily dosage of ftom about 
10'* to 10"' mg and more preferably at a daily dosage of about 10"^ to 10^ mg. 
According to the invention the secretin is preferably administered in the presence of a 

25 pharmaceutically acceptable diluent. The compositions of the invention may be 
administered by a variety of routes of administration including intravenous, 
intramuscular, subcutaneous, intrathecal, topical, inhalation and oral, with 
subcutaneous and sublingual administration being preferred^ When administered 
sublingually, a preferred composition comprises 4 x 10 ^ mg secretin per 0.05 ml drop. 

30 The composition is then preferably ^lied sublingually from once to four times daily. 
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DETAILED DESCRIPTION OF THE INVENTION 

Tlie pmsent invention provides method for the treatment of neurological 
disorders (and symptoms thereof) selected from the group consisting of autism, 
multiple sclerosis and enuresis through the administration of effective amounts of 
secretin. The invention also provides pharmaceutical compositions comprising an 
effective amount of secretm in combination with a physiologically acceptable carrier 
for administration to patients. 

Provided below are case histories of patients being treated according to 
the invention which provide evidence of the effectiveness of the treatment methods 
described herein. The following Examples are intended to illustrate practice of the 
preferred embodiments of the invention. Numerous additional embodiments and 
improvements are apparent upon consideration of the following Examples. 

EXAMPLE 1 

According to this example, an eight year old boy with autism who 
exhibited symptoms of bed wetting, poor verbalization and poor sleep patterns was 
treated with one sublingual drop of secretin daily (4 x 10^ ml secretin per 0.05 ml 
drop). After one day of treatment the subject exhibited elimination of bed wetting, 
increased verbalization, increased cognition, and was sleeping well. Later, when 
administration of secretin was terminated wet wetting reoccumed. When secretin 
administration was resumed bed wetting was again eliminated. The other symptoms 
exhibited similar behavior where they worsened upon removal of secr^ 
administration but improved upon resumption of secretin therapy. 

EXAMPLE! 

According to this example, a five year old autistic boy was treated 
according to the method of Example 1 with one drop of secretin (4 x 10^ ml secretin 
per 0.05 ml drop) daily. After about three days of treatment accoitling to the 
invention, the patient showed cognitive and motor improvement, could follow a 
pointing finger and exhibited an improved sleep pattern. The subject also showed an 
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increased spectrum of desired and tolerated foods, cried with tears for the first time 
ever, began to use three word sentences, and began to self-correct verbal errors. 

EXAMPLES 

5 According to this example, a seven year old autistic boy was treated 

according to the method of Example 1 with one drop of secretin (4 x 10^ ml secretin 
per 0.05 ml drop) daily. With the first week of treatment the subject exhibited 
improved attitude, better manners, improved playing and appropriate self- 
enteitainment. The subject also exhibited improved tolerance to noise and confusion, 
10 improved eye contact, and improved signing and verbal communication. 

EXAMPLE4 

According to this example, an 8 year old female with a history of 
emotional and behavioral problems and diagnosed with attention deficit disorder 

1 S (ADD)/attention deficit hyperactivity (ADEQ was treated with secretin at the rate of one 
drop (4 X 10^ ml secretin pCT 0.05 ml drop) daily. Within two days she reported, and 
her mother confirmed, better behavior, decreased irritability and decreased or 
eliminated "e5q)losiveness.'* After three weeks of the improved status, the patient 
discontinued the drops. Within 48 hours after ending secretin therapy, the patient was 

20 more explosive, more irritable and dq>ressed. Resumption of adnunistration of secretin 
restored the improved condition. 

EXAMPLES 

According to this example, a 48 year old male with multiple sclerosis 
25 was treated by sublingual administration of one drop of secretin (4 x 10^ ml secretin 
per 0.05 ml drop) from once to three times daily. The subject reported improved 
nocturia (having to get up once per night vs. 4 times per night previously), decreased 
bladder urgency during waking hours, improved mobility, more regular bowel 
function, complete elimination of muscle spasms that previously had interfered with 
30 sleq) and mobility, improved appetite. 
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EXAMFLE6 

According to Ais exan^le, a five year old male diagnosed with primary 
enuresis and having a family history of the same was treated by administration of one 
drop of seaetin (4 x 10"* ml secretin per 0.05 ml drop) twice daily. After raie month 
5 of treatmrat the subject did not wet his bed once. 

EXAMPLE? 

According to this ©cample, a ten year old female diagnosed with primary 
raiuiesis was treated by administration of one drop of secretin (4 x 10"* ml secretin per 
10 0.05 ml drop) twice daily. Treatmrat resulted in no bed-w^ting for two fiill months. 
Treatmmt was ttiea discontinued and bed-wetting reoccurred. After resuming 
treatment no more bed-wetting occurred. 

EXAMPLES 

15 According to this example, an eleven year old male diagnosed with 

primary enuresis had previously been treated with a bed-wetting alarm and other 
procedures which had been unsuccessful. The subject was treated by administration 
of one drop of secretin (4 x 10* ml secretin per 0.05 ml drop) twice daily. Treatment 
initially resulted in dryness 50% of the time. Whea treatment was increased to two 

20 drops of secretin twice daily, wetting decreased to 10 to 15 %. 

Numoous modificatbns and variations in the practice of the invention 
are e^qpected to occur to those skilled in the art upon consideration of the presently 
preferred embodiments thereof. Consequently, the only limitations which should be 
25 placed upon flie scope of the iuvoition are those which appear in the appraded claims. 
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WHAT IS CLAIMED K: 

1. A method of treating the symptoms of neurological disorders 
selected from the group consisting of autism, multq>le sclerosis and enuresis comprising 

S the step of administering to a patient diagnosed with said neurological disorder a 
composition comprising an effective amount of secretin wherein the secretin is 
administered at a daily dosage of about 10^ to 10^ mg. 

2. The method of claim 1 wherein the secretin is administered by 
10 means selected from tiie group consisting of intravenous, intramuscular, subcutaneous, 

intrathecal, and sublingual. 

3. The method of claim 1 wherein the neurological disorder is 

autism. 

15 

4. The method of claim 1 wherein the neurological disorder is 
multiple sclerosis. 

5. The m^od of claim 1 wherein the neurological disorder is 

20 enuresis. 

6. A pharmaceutical composition in dosage form for administration 
to a subject comprising an effective amount of secretin for treatment of a neurological 
disorder selected from the group consisting of autism, multiple sclerosis and enuresis 

25 in combination with a physiologically accq>table carder wherein the secretin is present 
at a daily dosage of about 10"* to 10^ mg. 
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USE OF SECRETIN FOR THE TREATMENT OF AUTISM AND OTHER NEUROLOGICAL, BEHAVIORAL AND 
IMMUNOLOGICAL DISORDERS 

5 

Background of the Invention 
Autism is a disabling neurological disorder that 
affects thousands of Americans and encompasses a number 
of subtypes, with various putative causes and few 

10 documented ameliorative treatments. The disorders of the 
autistic spectrum may be present at birth, or may have 
later onset, for example, at ages two or three. There . 
are no clear cut biological markers for autism. 
Diagnosis of the disorder is made by considering the 

15 degree to which the child matches the behavioral 

syndrome, which is characterized by poor communicative 
abilities, peculiarities in social and cognitive 
capacities, and maladaptive behavioral patterns. 

A number of different treatments for autism have 

20 been developed. Many of the treatments, however, address 
the symptoms of the disease, rather than the causes. For 
example, therapies ranging from psychoanalysis to 
psychopharmacology have been employed in the treatment of 
autism. Although some clinical symptoms may be lessened 

25 by these treatments, modest improvement, at best, has 

been demonstrated in a minor fraction of the cases. Only 
a small percentage of autistic persons become able to 
function as self-sufficient adults. 

Although much controversy exists about the causes 

30 and treatments of autism, a few established biomedical 
findings have been made. Many individuals with autism 
experience intestinal difficulties, often including the 
inability to digest gluten and casein. Abnormalities 
have also been found in the metabolism of the 

35 neurotransmitter serotonin and in various parameters of 
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immune system functions, for example, elevated Measles, 
. Mumps and Rubella (MMR) titers. Prior to the discovery 
of the present invention, however, no useful links had 
been made between these biomedical findings, nor had any 
5 successful treatments been derived therefrom, as 

disclosed in various articles incorporated herein by 
reference. Priven, J. (1997), "The biological basis of 
autism." Current Opinion in Neurobiology , 7, 708-712; 
Rapin, L. & Katzman, R. (1998), "Neurobiology of autism," 

10 Ann. Neurolocfv , 43, 7-14; Wing, L. (1997), "The autistic 
spectrum," The Lancet , 350, (Dec. 13), 1761-1765. 

Similar to autistic spectrum disorder, many other 
behavioral, neurological and immunological disorders have 
been equally difficult to understand and to effectively 

15 treat. Such disorders include depression, 

obsessive-compulsive disorder, Alzheimers, allergies, 
anorexia, schizophrenia, as well as other neurological 
conditions resulting from improper modulation of 
neurotransmitter levels or improper modulation of immune 

20 system functions, as well as behavioral disorders such as 
ADD (Attention Deficit Disorder) and ADHD (Attention 
Deficit Hyperactivity Disorder), for exanple. 

Accordingly, a need exists for a method and 
composition for the treatment of autism and other 

25 behavioral, neurological and/or immunological disorders. 

The hormone secretin is a polypeptide hormone 
secreted by the mucosa of the duodenum and upper jejunum 
when acid chyme enters the intestine. The hormone 
secretin stimulates the pancreatic acinar cells to 

30 release bicarbonate and water, which are excreted into 
the duodenum and change the pH in the gut from acid to 
alkaline, thereby facilitating the action of digestive 
enzymes. Secretin is always used and indeed is intended 
only to be used in diagnostic tests given to patients 
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with gastrointestinal disorders to stimulate the release 
of pancreatic juices for testing purposes. 

Summary of the Invention 
The present invention features methods and compositions 
5 for the treatment of neurological, immunological, and 
other disorders in a patient • The methods include the 
step of stimulating the secretion of pancreatic juices in 
the patient. In one embodiment, stimulating the 
secretion of pancreatic juices comprises the step of 
10 administering to the patient an effective amount of 

natural or synthetic secretin. One method of the present 
invention is for the treatment of autistic spectrum 
disorder. 

According to one method of administering secretin, 
15 the secretin is administered by infusion and the 

effective amount is generally 2 clinical units (CU) per 
kilogram (kg) of body weight given intravenously within 1 
minute. In another method, the secretin is administered 
• transdermally by applying a transdermal carrier 
20 substance, such as dimethyl sulfoxide (DMSO) to the skin, 
applying crystalline secretin in an effective amount onto 
the carrier substance, and rubbing the composition into 
the skin. One example of an effective amount of secretin 
administered transdermally includes about 15 CU of 
25 crystalline secretin. 

Other methods of administering secretin include, 
but are not limited to, administering secretin 
transdermally with a gel (e.g., a Pluronic-Lecithin- 
Organogel (PLO) gel) , lotion or patch; administering 
. 30 secretin with a suppository; administrating secretin 
orally, as tablet, capsule or lozenge; administrating 
secretin by inhalation (e.g., as an aerosol) either 
through the mouth or the nose; administering secretin 
intranasally (e.g., as a snuff); and administering 
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secretin using acoustic waves to permeate the skin. The 
present invention also contemplates other physiologically 
acceptable carriers or excipients for carrying an 
effective amount of secretin into the patients body. 
5 In another embodiment, the method for stimulating 

the secretion of pancreatic juices comprises the step of 
causing the body to secrete secretin in an effective 
amount to at least ameliorate and preferably treat autism 
and other neurological and/or immunological disorders. 

10 This method includes, for example, stimulating or 
otherwise causing the duodenum and upper jejunum to 
secrete the hormone secretin for one or more of the 
purposes described herein. 

The present invention also features compositions 

15 for use according to the above methods. In one 

embodiment, a pharmaceutical composition, according to 
the present invention includes an effective amount of 
secretin together with a suitable volume of sodium 
chloride for dissolving the secretin and carrying the 

20 secretin into the body by infusion. In another 
embodiment, a composition according to the present 
invention includes an effective amount of secretin and a 
transdermal carrier substance, such as DMSO or PLO gel 
for carrying the secretin into the body transdermal ly. 

25 Other compositions include an effective amount of 
secretin together with physiologically acceptable 
carriers or excipients for carrying the secretin into the 
patients body. The present invention contemplates the 
use of both natural and synthetically produced secretin. 

30 Description of the Preferred Embodiments 

The present invention will be better understood 
from the following examples which are given by way of 
illustration and not by way of limitation. The patient, 
the same in both examples, is a boy with symptoms of 
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autism. Although only two examples of treatment are 
presented on the same patient, the present invention has 
been tried on a number of children in accordance with the 
method of the first example with similar satisfactory 
5 results. 

The patient in the present examples developed 
normally until about fourteen months of age, with the 
exception of gastrointestinal problems (i.e., chronic 
diarrhea and constipation) which began at about six 

10 months. At about thirteen months, when whole milk was 
introduced into his diet, the patient began having 
reoccurring ear infections. At about fourteen months, 
the patient appeared to lose the ability to process 
language, first receptively (at about 14 months) then 

15 expressively (at about 16 months) . The patient also 
experienced episodes of shivers that appeared to be 
intermittent seizures - 

After consulting with numerous neurologists, 
pediatricians, child development specialists, 

20 audiologists, endocrinologists, allergists, and other 
medical professionals, no consistent diagnosis had been 
reached. Although not clinically diagnosed with autism, 
the patient exhibits a number of behavioral symptoms of 
autism and pervasive developmental disorder (FDD) in 

25 general • The term autism is used herein for reference 
purposes only, and this invention is intended to apply to 
any number of pervasive developmental disorders as well 
as neurological and immunological disorders. 

Prior to receiving the treatment with secretin, a 

30 single photon emission confuted tomography (SPECT) scan 
of the brain revealed a decreased perfusion in the right 
hemisphere and left temporal lobe, with the most severe 
decrease in the right parietal occipital region. Also, 
steady state auditoiry evoked responses recorded in 

35 response to rapid anplitude and frequency modulations of 
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a 1 kHz tone were abnormal, suggesting disturbances of 
neural mechanisms responsible for frequency and amplitude 
modulation analysis. Further, the patients secretin 
cells prior to receiving treatment, measured at a level 
5 of 9, are far below the normal limit in the range of 
20-70. 

EXAMPLE 1 

When the patient was three years old, the secretin 
was administered by way of an infusion as part of an 

10 upper gastrointestinal endoscopy. The secretin was used 
in this diagnostic procedure at the request of the 
patients parents, one of which is an inventor of the 
present invention. The secretin used in this procedure 
is known as Secretin-Ferring available from Ferring 

15 Laboratories, Inc., Suffern, New York {See Appendix A). 
The secretin was dissolved in a 7 . 5 solution of sodium 
chloride and administered in a dosage of 2 clinical units 
(CU) per kilogram (kg) body weight by intravenous 
injection over one minute. (I.E. 30 lU IV for 

20 approximately 15 kilograms of body weight.) 

Immediately after the administration of the 
secretin, the diagnostic testing revealed that the 
patients pancreas responded, quite surprisingly, with an 
unusually large amount of pancreatic juice being released 

25 (approximately 10 ml/min compared to a usual rate of 1-2 
ml/min) . The diagnostic tests performed on the patient 
during this procedure also indicated gastric 
inflammation. Within days after the administration of 
secretin, the patients chronic abnormal bowel movements 

30 became normal, although no changes had been made in the 
patients diet. Within weeks after the treatment, the 
patient was able to make normal eye contact, language 
appeared forthe first time in two years, and other 
behavioral and developmental problems improved 
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remarkably. The following Table I summarizes the 
improvements observed in the patient within 3 weeks after 
the infusion of secretin. 





Table 


I' 


5 


SvntDtoois Before Secretin Infusion 


Progress within 3 Weeks 
After the Secretin Infusion 




Two words 


100' s of words - will repeat 
approximation of any word 
requested. 




No sentences 


Short sentences - such as; "I 
love you", "I want juice", 
"Good night mommy", "Thank 
you, daddy" . 




No flash cards 


40 - 50 flash cards. 




No focus on requested tasks 


Will sit and watch carefully. 
Will perform most tasks after 
watching once or twice. For 
instance, will sort by color 
or category. Will construct 
more complicated puzzles. 
Will respond appropriately to 
c[uestions . 


10 


Diapers only 


Completely potty trained. 




Watch Videos 


Now, gets "involved" 
interactively with his 
videos. He will imitate the 
houxd motions, sing the songs 
or dance to the music. 


15 


Consistent sleeping problems. 
Although these were much worse 
when he was 18-24 months, prior to 
the procedure he was still up 
numerous times each night. 


Has slept through almost 
every night entirely. 




Infrequent (1-2 times/week) 
"spinning" episodes. 


No spinning episodes. 




Abnormal bowel movements » 


Normal bowel movements. 


20 


Excessive water consumption 
approximately 50 cups per day. 


Excessive water consumption - 
no change approximately 50 
cups per day. | 
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SvniDtoms Before Secretin Infusion 


- — 
Progress within 3 Weeks 
After the Secretin Infusion 


5 


jbiTuXueu. jJieL. r'j.eLej.ciices vrxezicn 
Toast, bananas, French Fries, 
psuicakes, crackers, cookies, 
raisins, chocolate, chicken 
nuggets) . 




1 0 


No apparent connections made 


Many connections made between 

iifsw J. cLXi^ uci^ cs xcciA.iicu aim 

objects. Recites names he 
has learned on flash cards 
when he sees the same on 
computer game or video. 




No response to request for 
gestures . 


Responds to all kinds of 
thins such as, "blow a kiss", 
"Wave bye bye", "Say bye 

oyc , cue . wxxx ojt uen now 

spontaneously say these 
things himself. 




No interest in drawing. 


Wants to draw constantly. 
Will draw complete face and 
name the parts as he draws. 




Did not imitate commands. 


Will imitate almost any 
multi-step command. 


15 


Minimal eye contact. 


Eye contact 75% of the time. 



Biomedical changes were also measured in the 
patient. A SPECT scan of the patient indicated that the 
perfusion of the right posterior parietal and right 
temporal lobes was improved. Blood tests taken after the 

20 treatment also indicated a rise in serotonin levels, and 
the patients rubella titers dropped from 5.8 to 2.3. 

Although the behavioral improvements continued, 
the rate of the patient's progress appeared to decrease 
at about 5 weeks. At the request of the patient's 

25 parents, a second infusion of secretin was performed 
about 9 months after the first infusion, and a third 
infusion of secretin was performed about three months 
after the second infusion. The second and third 
infusions of secretin achieved the same results in the 
-30 patient. 
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EXAMPLE 2 

At the time of this treatment, the patient was about 4 
years old. Secretin was administered transdermally using 
pharmaceutical grade dimethyl sulfoxide (DMSO) (generally 
5 99,9% pure) available from Clinic Service Co,, Box 2512, 
Hemet CA 92543. The secretin (Secretin-Ferring) was 
administered daily in a dosage of about 75 CU over a five 
day period (i.e., about 15 CU daily) • For each 
treatment, about 4 drops of DMSO were placed onto the 

10 skin of the patient, about 15 CU of the crystalline 

secretin was placed onto the DMSO, and the composition 
was rubbed into the skin. 

The administration of secretin transdermally on a 
daily basis in this way has resulted in even more 

15 dramatic and significant improvements in the patient. 
Within a period of about 6 months, the patient has 
progressed to spontaneous and conversational language. 
When the daily dose of secretin is stopped, the autistic 
behavioral symptoms return. 

20 It is important to note that similar results have 

been seen in numerous other autistic children using an 
intravenous administration of secretin in accordance with 
the teachings of the present invention, in order to 
validate the findings of the present invention. 

25 Although the present invention is not limited by 

theory, it is believed that some autistic spectrum 
disorders are caused by a secretin deficiency resulting 
in a dysfunction of the pancreas. One function of the 
hormone secretin is to stimulate the pancreas to release 

30 bicarbonate and water, which change the pH in the gut 

from acid to alkaline, thereby facilitating the action of 
digestive enzymes. The gastrointestinal disorders, such 
as an inability to digest gluten and casein, in autistic 
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patients is possibly caused by this failure of the 
pancreas to release enzymes. 

One possibility is that abnormal opioid peptides 
in the gut create problems in the brain. These abnormal 
5 opioid peptides have been found to diminish on a casein 
free and gluten free diet. 

The gastric inflammation observed in the patient 
in the above EXAMPLE 1 suggests that the improper pH 
resulting from this dysfunction of the pancreas may be a 

10 cause of the digestive problems and malabsorption of 
essential minerals and nutrients found in many 
individuals with autism. The unusual secretion by the 
pancreas in response to the secretin, as observed in 
EXAMPLE 1, further suggests that this dysfunction of the 

15 pancreas is caused by a secretin deficiency. 

In addition to this effect on the digestive 
function, secretin also appears to improve the abnormal 
brain activity in individuals having symptoms of autism. 
The increased blood flow in the brain detected during a 

20 SPECT scan after administering secretin in EXAMPLE 1 
supports this theory. While causing pancreatic 
secretions, secretin also stimulates the production of 
cholecystokinin (CCK) . Deficiencies in CCK have been 
linked to other neurological disorders, such as 

25 schizophrenia, and CCK production has been found to be 
related to levels of the neurotransmitter serotonin. 
Thus, secretin may be indirectly related to the body's 
natural production of serotonin. The increase in 
serotonin levels in the blood after the procedure in 

30 EXAMPLE 1 supports this relationship between secretin and 
serotonin . 

Without proper modulation of neurotransmitter 
levels (i.e., serotonin) in the brain, the brain will not 
function properly. The inability to modulate 
35 neurotransmitter levels has been found to be related to 
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Other neurological conditions as well as autism. Thus, a 
secretin deficiency may cause an imbalance or inproper 
modulation of neurotransmitter levels that results in 
autistic spectrum disorder or other neurological 
5 disorders. Administering secretin to patients with these 
disorders will modulate the neurotransmitter levels and 
correct the behavioral symptoms, such as the inability to 
process language and other maladaptive behavioral 
patterns. The secretin may also correct abnormalities in 

10 immune system functions, as indicated by the reduction of 
measles, mumps and rubella antibodies in the patient 
after the secretin administration in EXAMPLE 1. 

Secretin has also been found to stimulate dopamine 
production through its precursor, tyrosine hydroxylase. 

15 Dopamine levels have been implicated in a variety of 
mental and behavioral disorders such as Parkinson's and 
Alzheimer's disease. 

A secretin deficiency can therefore account for 
the gastrointestinal disorders as well as the behavioral 

20 symptoms found in many individuals with autistic spectrum 
disorder. 

The therapeutic possibilities of the use of 
secretin appear to have been overlooked in the medical 
literature. For example, Guyton and Hall, in their 

25 widely used Textbook of Medical Phvsiolocfv (9th edition, 
1995-1997) mention briefly in passing that secretin can 
increase cellular utilization of insulin. Recent 
research suggests that insulin is required for normal 
brain functioning. (See also Science , vol. 280, April 24, 

30 1998, p. 517-518) . Furthermore, immxmological disorders 
related to abnormally high levels of measles, mumps, and 
rubella (MMR) titers may also be treatable with secretin. 
Additionally, secretin is believed to stimulate 
antibodies to cows milk protein (and perhaps other 

35 proteins). Autism and other PDD's may be connected to 
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protein intolerance and secretin may increase the body's 
tolerance to such protein (s) . Secretin may also have 
histamine blocking capabilities. 

Although the above examples use Secret in- Ferring, 
5 the present invention contemplates other forms of natural 
or synthetic (or recombinant) secretin, e.g., porcine or 
human. The present invention also contemplates using 
other types of transdermal carrier substances in addition 
to DMSO- Further, the present invention contemplates 

10 alternative ways of administering secretin including, but 
not limited to, administering secretin transdermally with 
a gel (such as Pluronic-Lecithin-Organogel (PLO gel, from 
Gallipot, Inc., St. Paul, MN) made of Pluronic® F127NF 
and a 1:1 mixture of soy lecithin lisopropyl palmitate, 

15 kept at a pH of 5 with a buffer, e.g., potassium 

sorbate) , lotion or patch; administering secretin with a 
suppository; administrating secretin orally, as tablet, 
capsule or lozenge; administrating secretin by inhalation 
(e.g., as an aerosol) either through the mouth or the 

20 nose; and administering secretin intranasally (e.g., as a 
snuff) . Such alternative methods of administering 
secretin are less invasive, do not have to be carried out 
by a doctor at a medical facility, and are less 
expensive. In addition, the level or dose of 

25 administration of secretin can be varied from those 
examples stated herein including, for example, 
intravenous administration over a period of time of 
several hours instead of several minutes and/or a 
smaller, maintenance or daily dose administered 

30 intramuscularly, transdermally or by other methods as 
disclosed herein or their equivalent. 

A further alternative method of transdermally 
administering secretin includes the use of acoustic waves 
to permeate the skin. For example, acoustic waves 

35 generated using ultrasound or a Shockwave from a pulsed 
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laser have been found to make the skin temporarily 
permeable. A few minutes of low- frequency ultrasound 
(sound greater in frequency than 20 kilohertz) creates 
tiny cavities through which the secretin (alone or 
5 combined with another transdermal carrier substance) can 
be diffused. 

Accordingly, the methods of treating autism by 
administering secretin and/or causing the body to 
naturally secrete required amounts of secretin corrects 

10 the secretin deficiency, improving the digestive 

functions in autistic patients previously experiencing 
intestinal difficulties and inproving communication, 
cognition, and socialization capabilities of autistic 
patients. Since other neurological disorders, such as 

15 depression, obsessive-compulsive disorder, Alzheimer's, 
allergies, anorexia, bulimia, schizophrenia, also involve 
abnormal modulation of neurotransmitter levels, these 
disorders can also be treatable with secretin and/or the 
stimulation of pancreatic juices. Further, other 

20 disorders related to serotonin and dopamine may also be 
treatable with secretin. 

Modifications and substitutions by one of ordinary 
skill in the art are considered to be within the scope of 
the present invention which is not to be limited except 

25 by the claims which follow. 



What is claimed is: 
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1. A method for treating an individual 
exhibiting a symptom of a neurological or immunological 
disorder, the method comprising administering to the 
individual an amount of secretin effective to improve one 

5 or more symptoms of the disorder. 

2. The method of claim 1, wherein the 
neurological or immunological disorder is selected from 
the group consisting of depression, obsessive-compulsive 
disorder, Alzheimer's, allergies, anorexia, bulimia, 

10 schizophrenia. Attention Deficit Disorder (ADD) , and 
Attention Deficit Hyperactivity Disorder (ADHD) . 

3. The method of claim 1, wherein the effective 
amount of secretin is administered by infusion. 

4. The method of claim 3, wherein administering 
15 the effective amount of secretin by infusion includes the 

step of intravenously infusing secretin in an amount of 
about 2 clinical units (CU) per kilogram (kg) of body 
weight . 

5. The method of claim 1, wherein the effective 
20 amount of secretin is administered transdermally. 

6. The method of claim 5, wherein administering 
the effective amount of secretin transdermally includes: 
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applying a transdermal carrier substance to a 
portion of the skin of the individual; and 

applying crystalline secretin in the 
effective amount onto the transdermal carrier sxibstance. 

5 7. The method of claim 6, wherein the 

transdermal carrier substance comprises dimethyl 
sulfoxide (DMSO) . 

8. The method of claim 5, wherein the effective 
amount of secretin includes between 5 and 20 clinical 

10 units (CU) of crystalline secretin per dose. 

9. The method of clam 5, wherein administering 
secretin transderraally includes administering the 
effective amount of secretin with a patch to be applied 
to a portion of the skin of the individual. 

15 10. The method of claim 5, wherein administering 

secretin transdermally includes administering the 
effective amount of secretin using acoustic waves causing 
the secretin to permeate a skin surface of the 
individual . 

20 11. The method of claim 1, wherein the effective 

amount of secretin is administered orally. 
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12. The method of claim 11, wherein the effective 
amount of secretin is administered orally using an oral 
carrier selected from the group consisting of a tablet, 
capsule, or lozenge. . 

5 13. The method of claim 1/ wherein the effective 

amount of secretin is administered using a suppositoary . 

14. The method of claim 1, wherein the effective 
amount of secretin is administered by inhalation or 
intranasally. 

10 15. The method of claim 1, wherein the effective 

amount of secretin includes an amount of secretin 
sufficient to increase serotonin levels in the brain of 
the individual . 

16. Secretin for use in treating a neurological 
15 or immxmological disorder. 

17. The use of secretin for the manufacture of a 
medicament for the treatment of a neurological or 
immunological disorder. 

18. A composition for treatment of a neurological 
20 or immunological disorder in an individual comprising an 
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effective amount of secretin and a physiologically 
acceptable carrier. 

19- The composition of claim 18, wherein the 
physiologically acceptable carrier includes a transdermal . 
5 carrier substance. 

20, The composition of claim 19, wherein the 
transdermal carrier substance comprises dimethyl 
sulfoxide (DMSO) or Pluronic-Lecithin-Organogel (PLO) . 

21 • The composition of claim 18, wherein the 
10 effective amount of secretin comprises about 15 clinical 
units (CU) of crystalline secretin per dose, 

22. The composition of claim 18, wherein the 
effective amount of secretin conprises about 2 clinical 
units (CU) per kilogram (kg) of body weight of an 

15 individual per dose. 

23. The composition of claim 18, wherein the 
physiologically acceptable carrier comprises an oral 
carrier. 

24. The composition of claim 18, wherein the 

20 physiologically acceptable carrier comprises an inhalable 
carrier. 
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25. A method for treating an individual 
exhibiting symptoms of autism, the method cott5>rising 
transdermal ly administering to the individual an amount 
of secretin effective to improve one or more criteria for 

5 autistic disorder. 

26. The method of claim 25, wherein administering 
the effective amount of secretin transdermally includes 
the steps of : 

applying a transdermal carrier substance to a 
10 priority of the skin of the individual; and 

applying crystalline secretin in the 
effective amount onto the transdermal carrier substance. 

27. The method of claim 25, wherein the 
transdermal carrier substance comprises dimethyl 

15 sulfoxide (DMSO) . 

28- The method of claim 25, wherein the effective 
amount of secretin includes about 15 clinical units (CU) 
of crystalline secretin per dose. 

29. Secretin for use in treating symptoms of 
20 autism by transdermal administration. 
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30. The use of secretin for the manufacture of a 
medicament for the treatment of symptoms of autism by 
transdermal administration. 

31. A method for treating an individual 

5 exhibiting a symptom of a neurological or immunological 
disorder, the method comprising stimulating secretion of 
pancreatic juices in the individual. 

32. The method of claim 31, wherein secretion of 
pancreatic juices is stimulated by administering to the 

10 individual an amount of secretin effective to improve one 
or more symptoms of the disorder. 

33. The method of claim 31, wherein the secretin 
is administered by infusion. 

34. The method of claim 31, wherein the secretin 
15 is administered transdermal ly. 

35. The method of claim 31, wherein stimulating 
secretion of pancreatic juices increases a level in the 
individual of at least one of serotonin, dopamine, and 
CCK. 

20 36. The method of claim 31, wherein stimulating 

secretion of pancreatic juices induces secretion of an 
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amount of secretin in the individual effective to improve 
one or more symptoms of the disorder, 

37. The method of claim 36, wherein secretion of 
secretin is induced by stimulating the duodenum of the 
5 individual . 



38. The method of claim 31, wherein the disorder 
is autism. 
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METHOD FOR ASSISTING IN DIFFERENTIAL DIAGNOSIS AND 
TREATMENT OF AUTISTIC SYNDROMES 

CROSS REFERENCE TO A RELATED APPLICATION 
5 This application claims the benefit of U.S. Provisional Application No. 60/047,049, filed 

May 19, 1997, the contents of which are incorporated herein. 

FIELD OF THE INVENTION 
The present invention relates in general to differential diagnosis and therapeutic treatment 
1 0 of autistic syndromes, and in particular to a new and useful method for diagnosing and treating 
autistic syndromes by measurement and administration of secretin. 

BACKGROUND OF THE INVENTION 
Autistic syndrome (or autism) is a pervasive developmental behavioral disorder of very 
1 5 early onset that is characterized by a fundamental lack of normal interest in other people. (Original 
description. Kanner L. Autistic disturbances of affective contact. Nervous Child 1943:2:217-250.) 
The recent diagnostic criteria (DSM IV) for autistic disorder are shown in Table 3 below from the 
American Psvchiatric Association'. 

Epidemiologic studies suggested a prevalence rate of autistic behavior of approximately 2 
20 to 5 cases in 10,000, however, recent surveys including the entire spectrum of the disease indicate 

that rates of 15 per 10,000 are a more accurate disease prevalence"'*^. Such figures indicate that 

this disorder affects four hundred thousand Americans, with significant social and public health 
costs. 

Despite the substantial body of evidence implicating neurobiological factors in the 
25 pathogenesis, precise etiologic mechanisms of autism have yet to be identified. In the absence of a 
clear etiology, although both behavioral and medical interventions are available to improve 
learning and behavior, there is no evidence of a cure for autism, nor any efficient psychopharma- 
cological treatments for the core symptoms. 

1 
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Autism is a syndrome with multiple etiologies, as is made clear both by the evidence of 

neurobiological research and by the catalog of disorders that are present with autistic behaviors^. 

Based on clinical observations, there are subgroups and subtypes of subjects with significantly 
different patterns of strengths and deficits, different patterns of comorbidity, levels of severity, 

5 and different psychological/cognitive profiles. The response to therapeutic trials also showed a 
wide variety of outcomes, which may support the possibility that there are multiple etiologies for 
autism. Although we know that genetic, infectious, metabolic, inmiunologic, neurophysiologi- 
cal, and environmental causes may lead to similar patterns of altered development with autistic 
behavior, the recognition of these clear neuropathological disorders does not help us to understand 

1 0 the basic pathogenic mechanism of autism. 

There is no clear biological marker of autism to allow early diagnosis or screening of this 
disease even though it is generally believed that early recognition and management is crucial in the 
prognosis. Under these circumstances, every clinical observation is important and may lead us to 
a better understanding of this disorder. 

1 5 While the specific neuropathological mechanism that produces autism is unknown, it is 

thought to be the result of a dysfunction of particular groups of neurons in the central nervous 
system. The primary structures implicated in the autistic disorder are the cerebellum, cerebral 
cortex, and medial temporal structures. One study showed a significant loss of Purkinje cells, and 

to lesser extent, of granular cells in the cerebellar hemispheres of six autistic subjects^. Studies of 

20 two patients with autism showed that the hippocampal pyramidal neurons in the CAl and CA4 

fields displayed a decrease in dendritic branching^. Metabolic dysfunction of cortical areas was 

found through measurements by Single Photon Emission Computed Tomography (SPECT)^. In 

addition, involvement of the medial temporal lobe has been implicated by autopsy studies 
demonstrating increased cell density, and small cell size in the hippocaraipus, amygdala, 

25 enthorhinal cortex and septal nuclei^. An additional argument for the temporal lobe involvement is 

the case report describing a child with a left lateral oligodendroglioma, who fulfilled the criteria of 

autistic behavior^. This case supports the hypothesis that damage to mesial-temporal stmctures at 
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an early developmental period may lead to the autistic syndrome. Experimental evidence also 
supports this argument. A two-stage removal of the amygdalo-hippocampal complex in newborn 
monkeys resulted in behavioral changes (abnormalities* of social interactions, absence of facial and 
body expressions and stereotypical behavior), resembling autism in children It is important to 

5 note that subgroups of autistic children displayed distinct patterns of brain activity in the frontal 
and temporal regions. Differences were more prominent in the left than the right hemisphere * ^ . 
Four adult patients with autism had regionally decreased blood flow in the right lateral temporal, 
and in the right, left, and midfrontal lobes compared with controls . 

The neurobiological etiology of autism is supported by the observation that epilepsy is a 

1 0 common concomitant of autism^ affecting approximately one-third of adults who had childhood 

autism which usually had began in iiifancy or adolescence. In addition, different subgroups of 
patients have exhibited a variety of biochemicai/immunological abnormalities. For example, in 20- 
40% of patients, whole blood serotonin levels are elevated'^, and platelet serotonin is altered. 
Other observations include changes in the levels of dopamine-beta-hydroxylase (DBH) in 

1 5 plasma^ ^, elevations in the levels of beta-endorphin, norepinephrine, arginine-vasopressin, and 
abnormally low levels of adrenocorticotropic hormone in 70% of autistic children however, 
there are no supporting data for the autoimmune mechanism and the therapeutic trials with steroid 
treatment are disappointing so far. 

Drug trials for autism have included tests of the effects of dopamine agonists, and 

20 antagonists to dopamine, serotonin and opiates, as well as beta blockers, ACTH analogs, and 
oxytocin'^. Most of these treatments were associated with some beneficial effect in small groups 
of patients. The broad range of biochemical abnormalities that stimulated this wide diversity of 
pharmacotherapeutic trials is a clear indication that we are still far from the understanding the 
,main pathological events in the brain resulting in autistic behavior. 

25 Two recent hypotheses of autism are the opioid- and the immune theory. The opioid 

theory is based on the observation that the main features of autism are similar to features of opiate 
addiction. The autistic-like behavior elicited by opiate administration include: reduced socializa- 
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tion, affective lability, repetitive stereotyped behavior, episodes of increased motor activity, 
diminished crying, insensitivity to pain, and poor clinging. Motivated by this similarity, clinical 
trials have been conducted by using an opioid antagonist, naltrexone, in autistic patients. In an 
open trial, 8 to 10 children were judged to show a positive response to naltrexone However, 
5 more recent double-blinded studies found that naltrexone treatment failed to produce significant 
changes in social behavior^^. 

Other researchers suppose that the opioids are derived from food sources. The enzyrnatic 
digest of casein and gluten contains peptides with opioid activity" ^ Fukudome and Yoshikawa 

isolated four opioid peptides from the digest of wheat gluten^'^. One of these peptides occurred in 

10 15 different sites in the primary structure of glutenin, which is high molecular weight protein in 
wheat and considered as innocent protein in celiac disease. An additional indirect argument for the 
possible role of exogenous peptides was the presence of an abnormal urinary peptide pattern in 

patients with autism*^*^. Although there is no scientific evidence that these exogenous peptides may 

enter the bloodstream, open clinical trials in Norway have been undertaken with the long-term 
1 5 elimination of gluten and casein from the diet of patients with autistic behavior and found only 

mild improvement*^^. As can be seen by prior research studies, while administration of opioids 

causes autistic behavior trials with specific and very restricted diets and opioid antagonists have 
not resulted in evident improvement in the behavior and health of autistic patients. 

Certain immune-system abnormalities have been observed in connection with autism, such 

20 as cell-mediated immune response to human myelin basic protein and changes in the percentage 

of different subpopulations of lymphocytes^^. The followers of immunopathogenesis theory are 

trying to use large doses of steroids. The administration of steroids resulted in some improvement 
in the behavior of few patients. However, to maintain this improvement, continuous administra- 
tion of large doses of steroid were necessary, accompanied by all the side effect of chronic steroid 
25 administration. A tapering of the therapeutic dosage of steroid resulted in an immediate relapse. 

A significant portion of patients with autistic behavior also suffer from mild gastrointesti- 
nal symptoms, such as abdominal distension, constipation, or chronic loose stools. Although 
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these gastrointestinal problems are well known, they are not considered as important clinical 
features of the autistic syndromes, nor have they been treated except symptomatically. Autistic 
children with chronic diarrhea are not referred routinely to a pediatric gastroenterologist. In a 
recent study, 43% of patients had altered intestinal permeability^^, which is a strong argument for 

5 an intestinal dysfunction in a significant portion of autistic padents. 

Secretin is a 27-amino acid peptide hormone produced by the S-dells of the small intestine 
that are spatially distributed from the upper crypt to the villus tip, being particularly numerous in 

the upper two-thirds of the villi The release of secretin is increased by the products of protein 
digestion, acid bathing, fat, sodium-oleate, bile and herbal extracts^^ (see Figure lA) . Secredn 
1 0 increases the secretion of bicarbonate in the pancreas and biliary tract, resulting in secretion of a 
watery, alkaline pancreatic fluid (see Figure IB). The effect of secretin on the pancreas and bile 
duct is mediated primarily by secretin-induced elevation of cyclic AMP^^, and does not involve the 

inositol phosphates signal transduction pathway (see Figure IC). 

Secretin regulates the growth and development (enzyme composition) of the stomach, 

1 5 small intestine, and pancreas and stimulates pancreatic fluid secretion, and bile secretion^'. In 
addition, secretin has secretory, motility and circulatory effects in the gastrointestinal tract. 
Secretin stimulates immunoglobulin excretion through bile*^". Secretin increases superior 
mesenteric blood flow, and its distribution within the mucosa and submucosa"^"^, as well as lymph 
flow-^'^ (see Table 1). 

20 Thus far, the clinical uses of secretin are based on its secretory and vascular effects. The 

two most important diagnostic applications are the examination of pancreatic function, and the 
diagnosis of gastrinoma. There is no accepted therapeutic use. A trial to use secretin in intrahe- 
patic cholestasis in small numbers of patients initially was encouraging*'^, however, a double- 
blind placebo-controlled multicentric trial found no statistically significant differences in the 

25 reduction of serum bilirubin levels between secretin and placebo groups^^. ' 
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The structure of porcine secretin has been known for some time and it has been isolated 
from porcine intestine, and has been found to be constituted by a peptide composed of 27 amino 
acid residues"^^. Moreover, it has been found that bovine and porcine secretins are identical but 

that they are markedly different from chicken secretin^^. Although bovine and porcine secretins 

5 behave identically with human secretin in some respects they are not structurally identical 
(4,806,336 Carlquist et al. 2/89). U. S. Patent No. 4,806.336 (Carlquist et al.) discloses the 
chemical composition of human secretin, a method for administering secretin for diagnostic use in 
determining pancreatic or gallbladder function, and a method for stimulating pancreatic secretion in 
man. 

1 0 There is no published information suggesting a direct relationship between autism and 

secretin. However, it has been proposed that secretin and receptors of secretin are present in the 
brain areas that are thought to be involved in autism. Although exactly how secretin works in the 
brain is not yet fully understood, it seems likely that secretin regulates neurotransmitters and 
influences the function of a variety of cells, especially in the "hippocampal" and "amygdaloid'* 

1 5 brain areas, where seem to be impaired in autism. (See Table 2.) 

Our observations described in detail herein suggest that secretin is effective in the treatment 
of both gastrointestinal and behavioral/developmental problems in some children with autism. We 
observed that a group of young autistic children with chronic diarrhea, while they were undergo- 
ing tests involving an injection of secretin, had an extraordinary increase in the production of fluid 

20 from their pancreas. During the follow- up clinical visits these same children showed impressive 
progress in their social, behavioral and language skills, which appears so far to be permanent. We 
also found that the children who showed these responses to injected secretin produced only small 
amounts of their own secretin , and when given a dose of secretin by injection, they were able to 
produce an elevation in the blood level of another hormone, serotonin, which has effects on the 

25 brain. 

These observations demonstrate the close relationship between secretin and serotonin in a 
group of autistic children. Our findings suggest that there are two subgroups of autistic patients, 
distinguished on the basis of gastrointestinal symptoms, their own blood secretin levels, the 
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increase in serotonin level after secretin injection and the quantity and quality of fluid produced for 
secretin stiniulation. In addition, we found high prevalence of other gastromtestinal abnormalities 
(inflammation in the esophagus, digestive enzyme deficiencies) in children with autistic behavior 
which adds further support to a relationship between the presence of gastrointestinal dysfunctions 
5 and autism. 

Thus, we have discovered that the gastrointestinal/brain hormone secretin has a beneficial 
therapeutic effect on the gastrointestinal and brain function in certain autistic children. Our 
findings are the first clear evidence for an association between brain and gastrointestinal dysfunc- 
tions in autistic children. 

1 0 With no prior findings of secretin having the capability to influence human behavior, there 

• has been no research into the effect of secretin on autistic disorder. This invention is based on the 
unique and dramatic clinical observations of the effect of secretin administered for the diagnostic 
evaluation of gastrointestinal function in children with autistic behavior. These observations 
included: 

15 (I) significant improvement in the social communication (language) and behavioral 

skills; and 

(2) hypersecretion of pancreato-biliary fluid in children with autism and chronic loose 
stools. 

These observations described here open an entirely new direction in the autism research and may 
20 help to understand the pathogenesis of this disease. In addition, it may lead to a better understand- 
ing of the role of gut peptide hormones in the brain function. The existence of the gut-brain axis 
has been hypothesized, however, there was no clear clinical entity associated with this axis until 
now. This observation is the first clear evidence for an association between gastrointestinal and 
brain dysfunctions. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a definitive method for the diagnosis of autism. 

It is another object of the invention to provide an effective treatment for autism which does 
not require large doses of steroids or other medications. 
5 It is a further object of the invention to provide an effective treatment for autism which 

does not require frequent dosage. 

A particular advantage of the invention is the effectiveness of the treatment with a single 
dose of a non-steroidal hormone, and the continued effectiveness with follow-up doses. 

These objects and others are accomplished by the stimulation of the pancreatico-biliary 
1 0 tluid secretion by the hormone, secretin, in a patient exhibiting autism. The release may follow 
the exogenous administration of an effective amount of the secretin hormone itself or, alternative- 
ly, may be subsequent to the exogenous administration of a substance that stimulates the release 
and/or production of secretin. 

These and other objects, features, and advantages, which will be apparent from the 
1 5 following discussion, are achieved, in accordance with the invention, by providing a noveU 
therapeutically effective, preferably intravenous, dose of secretin, so as to alleviate the symptoms 
of autism in cenain individuals suffering from autistic syndromes. Additionally, oral, intramuscu- 
lar, intra-articular, intradermal, subcutaneous, inhalation, and rectal routes of administration are 
believed to be effective. Our observations indicate that the particular administration route is not 
20 critical to the invention. 

As discussed in detail herein, die preferred means of stimulating the release of pancreatico- 
biliary secretion is by intravenous administration of a bolus of secretin in solution. However, 
alternate, less-invasive, routes of secretin application from external sources, such rectal and 
inuradermal routes, are contemplated herein. As is known in the art, such administration would 
25 require attachment of certain biologically acceptable chemicals to assist in die mucosal or dermal 
absorption (know as permeation enhancers) and to protect against hydrolysis by the colonic 
bacterial flora or other cellular enzymes. 

Alternate means of stimulating secretin release, other than exogenous administration of 
secretin itself, are also contemplated herein. Specifically, as previously discussed, certain agents 
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when delivered orally cause the body to release secretin. For example, studies have shown that a 
decrease in the pH of the duodenum, below 4.5 results in a significant secretin release. Adminis- 
tration of hydrochloric acid has been shown not only to stimulate the release of secretin but also to 
stimulate the biosynthesis of secretin [Murthy, Gastroenterology 80:1237 (1981)]. Likewise, 
gastric acids can trigger the release of secretin. Therefore, it is clear that exogenous administration 
or endogenous production of acidic agents can lead to the release of secretin as well as the 
endogenous production of the hormone. 

Other agents linked to secretin production and/or release include but are not limited to 1- 
phenylpentanol or 1-phenyH-hydroxy-N-pentane (PHP); bile salts and acids; fats and fatty acids 
such as sodium oleate and oleic acid; anti-ulcer compounds such as PLAUNOTOL™, 
tetraprenylacetone (TPN), geranyl-geranyl acetone (GGA), and (Z)-2-(4-methylpiperazin-l-yl)-l- 
[4-(2-phenyl-ethyl)phenyl]-eth anone oxime hydrochloride monohydrate (MCl-727); and herbal 
extracts such as licorice root. Thus, it is within the scope of the invention to exogenously 
administer a substance that can either stimulate the release of secretin or stimulate the endogenous 
production of the hormone. 

The various features of novelty which characterize the invention are pointed out with 
particularity in the claims annexed to and forming a part of this disclosure. For a belter under 
standing of the invention, its advantages and objects, reference is made to the accompanying 
descriptive matter in which a preferred embodiment of the invention is illustrated. 
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Figures lA-lC: 



Figure 2: 
Figures 3A-3B: 

Figure 4: 
Figure 5: 
Figure 6: 



15 Figure?: 



BRIEF DESCRIPTION OF THE DRAWINGS 
Depicts the cascade of reactions related to secretin. Figure 1 A depicts the 
intestinal phase of pancreatic Secretion. Figure IB depicts the generally 
accepted mechanism of bicarbonate secretion from the pancreatic duct cell. 
Figure IC depicts the generally accepted mechanism of protein secretion 
from the pancreatic acinar cell, particularly the relationship between secretin 
and cAMP and phosphorylation of regulatory proteins. 
Depicts the feed-back mechanism of secretin release. 
Depicts the results of an Evoked Potential Response Test on Case 1 (JB) 
after an injection with secretin. 

Depicts pancreatico-biliary secretion of children with autism. 

Depicts blood secretin concentrations in autistic children. 

Depicts changes in blood serotonin concentrations in autistic children after 

secretin injection. 

Depicts secretin release after duodenal acidification in autistic children. 
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DETAILED DESCRIPTION OF THE INVENTION 
With the exception of our data, there is not any other observation which links the intestinal 
peptide hormone, secretin, to the autistic syndrome. This is the first observation demonstrating a 
significant improvement in a neuropsychological disease after administration of a gut-peptide. 
5 Perhaps more importantly, these findings should provide the basis of new group studies that focus 
on the brain-gastrointestinal axis and its role in other neurological disorders. As far as the secretin 
is concerned, it was not considered as a clinically important neuropeptide in the brain, althbugh 
several studies suggest that secretin may influence the function of the cells in the brain. Secretin 

receptors in the rat brain may be coupled to adenylate cyclase in a stimulatory manner^^. Secretin 

10 injection was strikingly effective in increasing circadian rise of LH and FEB secretion in 

ovariectomized, estrogen-primed rats**^. 

There are few studies demonstrating the presence and possible production of secretin in the 
brain. Secretin-like inununoreactivity (SLI) has been identified and characterized in the pituitary, 

hypothalamus, pineal and septum"*^ The relatively high concentration of secretin in the 

1 5 hypothalamus raises the possibility of a secretinergic pathway between the brain and the 

neurointermediate lobe of the pituitary'*'^. The concentration in the neurointermediate lobe is about 

45 fold higher than the concentration of SLI observed in the anterior lobe^*^. 

The existence of a possible brain-gut relation is supported by the fact that the nucleotide 
sequences of the coding regions of the secretin precursor RNAs (and thus the precursor proteins) 

20 produced in the small intestine are identical to those in brain and hypophysis'*^. Thus, although 

the role of secretin in the function of CNS has not yet been fully elucidated, it seems likely that 
secretin participates in neurotransmitter regulation, and influences the function of different cells 
(Table 1 ). Considerable data suggest that these effects are mediated via cAMP in hypothalamus 

and hippocampus^^. 

25 
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Table 1. Physiologic Effects Of Secretin 



GASTROINTESTINAL TRACT 


CENTRAL NERVOUS SYSTEM 


Secretory effects 

(stimulatory— pancreas, biliary tract) 


Adenylate cyclase activation 

(cAMP) 


Trophic effect 

(intestine* pancreas, stomach) 


Tyrosine hydroxylase activity 

(increase) 


Circulatory effect 

(selective - intestine^ pancreas) 


Dopamine metabolism 


Motility effect 

(inhibitory — stomach, intestine) 


Prolactin secretion 

(inctease) 



Regional distribution studies indicated that the specific receptor binding of secretin was 
greatest in the cerebellum, intermediate in the cortex, thalamus, striatum, hippocampus, and 
hypothalamus, and lowest in the midbrain and meduila/pons"*^. Interestingly, secretin binding 
was found in the regions of the brain where abnormalities were found in autism (Table 2). 



Table 2. Localization of Secretin vs brain areas with proposed dysfunction in 
autism. 



Brain area or 
ceils 


Autism 


Secretin"' 






Binds to 
receptors 


+SLI 
found 


Precurs or 

gene 

found 


Acti vates 
adeny late 
cyclase 


Binds to 
VP! 

receptors 


Cerebellum 


Yes 


Yes 










Cortex 


Yes 


Yes 








Yes 


Hippocampus 


Yes 


Yes 




Yes 


Yes 


Yes 


Amygdaloid 


Yes 












Hypothalamus 




Yes 


Yes 




Yes 




Medulla/pons 








Yes 






Hypophysis 






Yes 


Yes 






Thalamus 




Yes 


Yes 


Yes 






Striatum 




Yes 










Glioblasts 










Yes 





(+SLI - Secretin-like immunoreactivity, * Not all area was examined] 



Specific receptors for secretin have been characterized. Northern blot analysis of human 
tissue mRNA revealed that the relative intensity for expression of a 2.1-kilobase HSR transcript 
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was pancreas > kidney > small intestine > lung > liver, with trace levels in brain, heart, and 
ovary. The human secretin receptor showed a homology of 80% with the rat secretin receptor and 
37% with the human type 1 vasoactive intestinal peptide receptor^^. 

There are several possible explanations for the CNS effect of secretin in patients with 
autistic spectrum disorders: 

(a) secretin receptors are present in brain areas with proposed dysfunction in autism (so 
far, no one has examined this possibility); 

(b) secretin increases the cAMP concentration in the glioblasts"^^, hypothalamus'^^, 
paraventricular nuclei, supraoptic nucleus^^, and hippocampus (alterations in the 
hippocampal formation are strongly suspected in autism '^^)\ 

(c) secretin may act by activating the VIP-1 receptors, which are predominately found in 
the cerebral cortex and hippocampus^^; 

(d) secretin may have the same circulatory effect in the brain as in the gut, and may 
increase the cerebral blood flow in the area of brain containing secretin receptors such as 
hypothalamus, hippocampus and cortex (the comparison of pre- and post secretin SPECT 
studies in Case 1 showed a marked improvement in the cerebral blood flow after secretin 
administration, which perhaps supports such a mechanism); 

(e) the hydroxy lation of tyrosine to dopa is the rate-limiting reaction in catecholamine 
biosynthesis (it has been previously reported that secretin and other members of the 
secretin-glucagon family of peptides increase dopa synthesis in superior cervical ganglia in 
vitro^^ it is possible that secretin influences brain catecholamine metabolism through 
activation of tyrosine hydroxylase); or 

(f) there is a possibility of imbalance between secretin and antagonist neuropeptide 
hormones in the brain (for example, an imbalance between secretin and somatostatin, 
secretin and Peptide YY, and/or secretin and glucagon, may result in an increased or 
decreased sensitivity to another substance). 
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Secretin injected intracerebroventricularly (ICV) significantly increased defecation and 
decreased novel-object approaches, in rats, but showed no significant effects on stereotypic 
behavior^^. No autistic rat model exists in which it could be determined whether secretin relieves 
autistic symptoms in rats. There is no report of secretin influencing human behavior. A 
5 relationship between secretin and human behavior has never been shown or proven. 



The examples contained herein are provided for illustrative purposes only, and are in no 
way intended to limit the scope of the present invention. 



10 Materials and Methods 

Patients 

Children with autistic behavior were recruited from the Pediatric Gastroenterology and 
Behavioral and Developmental Pediatric Clinics at the University of Maryland. In each case, the 
diagnosis of autism was based on the DSM-IV criteria set forth below (Table 3) and was 
1 5 confirmed by pediatric neurologists experienced in evaluating pervasive developmental disorders. 



TABLE 3. DSM-IV Criteria for Autistic Disorder 

A. A total of at least six items from (1), (2), and (3), with at least two from 
20 (1), and one each from (2) and (3), 

1 . Quahtative impairment in social interaction, as manifested by at least two of the 
following: 

a. marked impairment in the use of multiple nonverbal behaviors, such as eye-to- 
25 eye gaze, facial expression, body postures and gestures to regulate social 

interaction 

b. failure to develop peer relationships appropriate to developmental level 

c. a lack of spontaneous seeking to share enjoyment, interests or achievements 
with other people (e.g., by lack of showing, bringing, or pointing out objects of 

30 interest) 

d. lack of social or emotional reciprocity 

2. Qualitative impairments in communication, as manifested by at least one of the 
following: 

a. delay in, or total lack of, the development of spoken language (not accompanied 
35 by an attempt to compensate through alternative modes of communication such as 

gesture or mime) 

b. in individuals with adequate speech, marked impairment in the ability to initiate 
or sustain a conversation with others 

c. stereotyped and repetitive use of language or idiosyncratic language 

40 d. lack of varied spontaneous make-believe play or social imitative play appropriate 

to developmental level. 
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3 . Restricted, repetitive, and stereotyped patterns of behavior, interests, and activities, 

as manifested by at least one of the following: 

a. Encompassing preoccupation with one or more stereotyped and restricted 
patterns of interest that is abnormal either in intensity or focus 
5 b. apparently inflexible adherence to specific, nonfunctional routines or rituals 

c. stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or 
twisting or complex whole body movements) 

d. persistent preoccupation with parts of objects 

10 B • Delays or abnormal functioning in at least one of the following areas with 
onset prior to age 3 years: 

1. social interaction, 

2. language as used in social communication, or 
1 5 3. symbolic or imaginative play 

C. Not better accounted for by Rett disorder or childhood disintegrative 
disorder. 

20 American Psychiatric Association, Diagnostic and Statistical Manual of Mental Disorders, 4th ed. 
1994. 



Patients were evaluated for abnormal bowel movements, evidence of reflux esophagitis, 
25 tissue activities of digestive enzymes, volume and contents of secreted pancreatico-biliary fluid 
after secretin stimulations, blood levels of peptide hormones and neurotransmitters and presence 
of intestinal bacterial or Candida overgrowth. The specific procedures were as follows. 



Upper gastrointestinal etxdoscopy and pancreatic stimulation 

30 Chronic, non-infectious diarrhea with unclear etiology was the indication for upper 

gastrointestinal endoscopy. The full upper gastrointestinal work-up included biopsies for 
histology, measurement of the digestive enzymes of the small intestine (lactase, maltase, sucrase, 
glucoamylase) and the pancreas (amylase, lipase, trypsin, chymotrypsin). 

After fasting from midnight, upper gastrointestinal endoscopies were carried out the next 

35 morning under general anesthesia. All gastric juice was aspirated before passing the endoscope 
into the duodenum. The pancreatico-biliary juice was collected after positioning the endoscope 
distal to the ampulla of Vater. An ERCP catheter was placed into the channel of endoscope and 
the fluid was collected by moving the tip into the outcoming fluid and suctioning it into a syringe. 
The pancreas was then stimulated with secretin 2 lU/kg BW (Ferring Laboratories, Inc, Suffern, 

40 NY, USA) given intravenously within a minute. Three additional specimens were collected after 
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the secretin injection within a lO-minute period. Blood samples were collected prior to and 10 
minutes after secretin stimulation. In a subgroup of children, the effect of duodenal acidification 
was determined by measurement of blood secretin levels before and 4-5 minutes after washing the 
second part of the duodenum with 0.05M hydrochloric acid for 5 minutes. At the end of the 
5 procedure, biopsies were obtained of the small intestine, esophagus and stomach. 

Analyses 

The volume of secreted fluid was calculated as ml/min and the aspirated juice analyzed for 
pH, protein (mg/ml; Bio-Rad protein assay), and for enzymes (amylase, trypsin, lipase, 

1 0 chymotrypsin, and carboxypeptidase A and B). These enzyme assays were modified by us and 
run regularly in our certified Clinical Laboratory. An aliquot of collected fluid was sent for 
bacterial and fungal culture. Intestinal biopsy specimens were homogenized in ice-cold distilled 
water and the activities of lactase, maltase, sucrase, palatinase and glucoamylase were measured 
using the Dahlquist intestinal disaccharidases assay [Dahlquist, Ana/. Biochem, 22:99-107 (1968); 

1 5 Azad M, PediatrRes, 1990;28:166- 170 (1990)]. The normal values were established based on 
measurements of histological normal intestinal biopsy tissues (n=104) at the University of 
Maryland. In our practice, digestive enzyme activities below the estabhshed 3d percentile values 
are considered abnormal. 

Examination of the biopsies of esophagus for reflux esophagitis used the following 

20 histological criteria: eosinophilic or lymphocytic infiltrate in the squamous epithelium, basal layer 
thickening and papillary hypertrophy. The gasu-ic biopsies were stained with Giemsa to identify 
Helicobacter pylori infection. 

Blood samples were analyzed for the levels of gastrointestinal peptide hormones (Secretin, 
CCK. VIP, Peptide Y) and neurotransmitters (Serotonin, Substance P). All the assays were 

25 performed in the Interscience Institute (Inglewood, CA) specialized in gastrointestinal hormone 
measurements. 
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Behavioral evaluation 

Prior to the secretin administration, each child underwent developmental/psychological 
evaluation. The post-secretin evaluation was based upon the notes of therapists and teachers who 
did not know about the treatment, and parent interviews and videotape recordings of child 
5 behaviors. In addition, most underwent a structured evaluation including assessment of 
intelligence, language ability, adaptive function [Vineland Adaptive Behavior Scales]^^ and 

behavioral rating scales [Child Behavior Checklist] A more specific measure directly related to 

autism, the Childhood Autism Rating Scale [CARS]^^, was also used. 

The most recent 8 cases had developmental/psychological evaluations at the University of 
1 0 Maryland or at the Kennedy Krieger Institute prior to the secretin administration. 

Specific Case Studies 
Case 1. J.B., a 3 and 3/12 year old boy, was the product of a full-term uncomplicated 
pregnancy. Development of language and social behavior proceeded normally until about 15 

1 5 months of age. At that time he lost his expressive vocabulary and his social behavior deteriorated. 
He was clinically diagnosed with autism by a pediatric neurologist at 1-1/2 years of age. At 2-1/2 
years of age, a multidisciplinary evaluation changed the diagnosis to FDD not otherwise specified. 
Brainstem evoked potential studies revealed abnormal responses to frequency modulations in 
sound, which suggested the involvement of the temporal lobes and the thalamocortical afferents. 

20 Single photon emission computed tomography (SPECT) scan of the brain revealed decreased 
perfusion in the right hemisphere, with the most severe decrease in the right parietal-temporal 
region. Because of his chronic diarrhea and elevated antigliadin IgG antibody titer, he underwent 
an upper gastrointestinal endoscopy. After the administration of 2 lU/kg BW of secretin, the 
patient had an extraordinary pancreatic secretory response (10 ml/min). Three weeks after the 

25 procedure his mother reported significant changes in his gastrointestinal symptoms and behavior. 
His chronic diarrhea resolved and he became potty-trained. More dramatic changes occurred in 
his autistic behavior (Table 4). Among these were improvements in eye contact, alertness, 
expressive language, and fine motor skills. Eight months after the procedure he has still retained 
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his cognitive gains. At that time, he received a second single secretin infusion which resulted in a 
further improvement in his language and cognitive functions. The latest behavioral evaluation 
indicates that he has changed from a low functioning autistic child to a social, non-autistic, speech- 
delayed child. Repeat evoked potential studies indicated only a minimal delay in responses eight 
months after secretin administration (see Figures 3A and 3B). In addition, there was a less 
marked decrease in perfusion of right posterior parietal and right temporal lobes upon follow-up 
SPECT imaging when compared to the previous study. 



Table 4. Changes after Secretin Stimulation in Case #1 (age 3.5 years) 



Before Secretin 


Progress aFt^r ^prrptin sirlminicfrsit'inn /within fwr» mrmfhc^ 


Two words 


lOO's of words - will repeat some approximation of any word requested 


No sentences 


Short sentences, such as "I love you", "I want juice", "Good night mammy" 


No flash cards 


40-50 flash cards 


No focus on recjuested tasks 


Will sit and watch carefully. Will perform most tasks after watching once or 
twice. Will sort by color or category. Will construct more complicated 
puzzles. Will respond appropriately to "what's this?" 


Diapers only 


Completely pouy trained 


Watch videos 


Now gets "involved" interactively with his videos. He will imitate the hand 
motions, sing the songs or dance to the music. 


Consistent sleeping problems 


Has slept through almost every night entirely 


Infrequent (1-2 times/week) 
"spinning" episodes 


No spinning episodes 


Abnormal bowel movements 


Normal bowel movements 


Excessive water consumption 


Excessive water consumption - no change 


Limited diet preferences 


No change 


No apparent connections made 
between language and objects 


Many connections made between new language learned and objects. Recites 
names he has learned on flash cards when he sees the same on computer game 
or video. 


No response to request for 

gestures 


Responds to all kinds of requests and spontaneously says these things himself. 


No interest in drawing 


Wants to draw constantly. Will draw complete face and name the parts as he 
draws. 


Did not imitate commands 


Will imitate almost any multi-step command 


Minimal eye contact 


Eye contact 75% of the lime 
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Case 2. A.S., a 5 year old boy with autism, was referred with a two year history of 
diarrhea and food intolerance. His prenatal and postnatal history were unremarkable. His autism 
was diagnosed by a pediatric neurologist at two years and 9 months of age. According to his 
parents, he appeared normal and responsive until about 2 years of age, when he completely lost 
his speech and no longer responded to his name. He was placed on a high dose steroid therapy at 
age 4 with mild improvement. However, the beneficial effect diminished with a relapse during the 
gradual steroid discontinuation. Intravenous inmiunoglobulin was initiated later, but did not result 
in sustained benefit. During the endoscopy he received 2 lU/kg body weight of secretin. There 
was also a significantly increased secretory response after secretin administration (7.5 ml/min). 
The cognitive skills of this boy improved over a five weeks period following a single dosage of 
secretin, and he continues to progress (Table 5). He received a second dose of secretin 3 months 
later, which caused a further improvement in his social behavior and language. 
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Table 5. Changes after Secretin stimulation in case #2 (age 6 yrs). 



Category 


Before Secretin 


Changes after Secretin 


Time 


Alertness, concentration 


Staring into space; self- 
stimulation; does not pay 
attention 


Extremely alert; looking therapist 
directly in the eye; responds 
immediately to commands 


2 days 


Correal responses to 
drills 


Often guessing; not paying 
attention; 50% correct responses 


Responds more quickly; pays better 
attention; 75-80% correct responses 


1 week 


Receptive language 


Variable; understands 20-30% of 
commands: mostly one-step 
commands 


Retrieves objects; follows 2-3 step 
commands; understands where he is 
going; understands 75% of commands 


3 weeks 


Expressive language 


Rarely repeats words 


Repeats 20-30% of what he hears; 
starting to verbalize on his own; 
"give me"; "come on" pointing to 
letters on ABC's and saying them 

ii\r«i IIM7II ti\7if ttryn 

V , W , A , Y » Z. . 


4-6 
weeks 


Sleep 


Sleeps 7-8 hours; often wakes up 
at night 


10-12 hours per night uninterrupted 
every night 


1 day 


Fine motor 


Very poor fine motor 
coordination 


Putting together Legos; turns key in 
door; turns small knobs 


4 weeks 


Gross motor 


Will climb steps; rides bike with 
assistance 


Starts to hang on monkey bars; goes 
down tire pole with help: riding his 
bike up hill and into new areas 


4 weeks 


Activity level 


Hyperactive even during drills; 
self simulations during drills and 
school 


Very energetic but has very good 
focus during drills 


1 week 


Appetite 


Variable: eats one meal per day; 
eats only 1-2 foods 


Eating more foods; 2-3 large meals 
per day; increased variety of foods: 
wanted to eat dairy 


1 week 


Social interaction 


Avoid interactions, except with 
parents 


Hugging therapists: better eye 
contact, improved mood 


1 week 


Bowel movements 


Sometimes loose, pale stools 


At first constipated for 2-3 days, then 
normal dark brown stools 


2-3 
days 


Movements 


On toes, abnormal hand and arm 
positions; flexion of left arm; 
motor tics' 


A decrease in most abnormal 
movements but still has hyperactivi- 
ty, especially in the hands 


1 week 



5 Case 3. D.T., a 4 year old boy, was referred for chronic diarrhea with foul smelling 

stools which were positive for blood. Autistic Disorder was diagnosed at age 2-1/2. He had 
significant delays in speech and cognitive development with limited social skills. Because of 
his chronic diarrhea with foul smelling stools, he was referred to an allerologist, and multiple 
food allergies were diagnosed. He was placed on a significantly restricted diet, without any 
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improvement in the consistency of his stools. He was also not potty-trained. He underwent an 
upper gastrointestinal endoscopy, and his pancreato-biliary response to secretin was excessive 
with an output of 8 ml/minute. Histological study revealed mild reflux esophagitis. The 
culture of his duodenal fluid for Candida and bacteria was negative. His chronic diarrhea 
5 resolved. Most of the "claimed" antigenic foods were reintroduced into his diet without 
difficulty. The post-secretin behavioral evaluations were performed at three weeks and two 
months after the procedure. His language, social, and communication skills improved 
significantly (Table 6). A second infusion of secretion 3 months later accelerated his 
improvement in his language and communication skills. 

10 



Table 6. Changes after Secretin stimulation in case #3 (age 4 yrs) 



Category 


Before 


Changes 


Alertness, concentration 


Staring into space: self-stimulation 
(chewed hands, clothing, objects); 
does not pay attention 


Chewing clothing, hands, and licking 
have stopped. Overall more alert, he is 
able to stay on tasks until completion. 


Correct responses lo 
drills/commands 


Often guessing; not paying attention; 
50% correct responses 


Rarely guessing. Very tuned in. Perhaps 
80% correct responses 


Cognitive 


Engaged in random, aimless activities 
(dumping toys, clicking all over the 
computer screen, turning it on and 
ofO 


Actions are more purposeful. Playing 
sequencing, matching, and memory games 
on the computer. Listening to and 
observing stories attentively. 


Receptive language 


Variable; understood 50% of 
commands; mostly one-step 

commands 


Understands almost everything. 
Understands ivvo-stcp commands. 
Understands and is able to respond to the 
question: How many? j 


Expressive language 


Rarely repeats words: one word only, 
two words, no sentences 


Repeating almost everything. Still no | 
sentences, but has definite interest in j 
finding out the names of things! He tries i 
repeatedly to make his message clear. 
Recognizes and reads a number of letters 
of the alphabet. Knows and can say 
numbers up to 10. 


Social interaction 


Shy. Slow to warm up to people. At 
school engaged in u lot of parallel 
play 


Now has a friend at school. He 
participates actively in group activities 
and plays more with his brother and sister. 1 
He helps with simple household chores 1 
when asked. He shares food with sister. 

_H 


Eye contact 


Limited eye contact with parents, 
siblings 


More eye contact. Seeks out attention and 
once engaged in activity, shows good eye 
contact. 
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oleep 


Difficulty settling down at times. 
Would not allow bedtime storied to 
be read to completion. 


Now goes to bed willing and happily. 
Takes great interest in his bedtime stories, 
but settles down right away when told to 
do so. 


Fine motor skills 


Poor. Unable to use knife, scissors, 
crayon, mouse. Seldom using spoon 
or fork. He used a spoon for eating 
porridge, but resisted using it for 
other foods. 


Now uses fork and spoon much more 
readily and accurately. Uses mouse very 
precisely. Starting to hold crayon better 
and use scissors better. 


Activity level. 


Hyperactive even during drills; self 
simulations during drills and school. 

When watching videos, for example, 
he would jump up and down and 
shriek with excitement. 


Less hyperactive. More settled. More 
attentive and compliant to tasks. Will 
bounce in place on trampoline when needs 
to self regulate. 

When he watches videos, he imitates, and 
anticipates all actions, gestures and some 
words, clearly following and enjoying the 
story line. 


Appetite 


Was on highly restrictive diet for over 
a year. He ate well, but was frustrated 
by diet. Seemed to require enormous 
quantities of food to satisfy his 
appetite. 


Normal diet seems to satisfy him more. 
No longer needs excessive quantities and 
actually leaves snacks, treats in favor of : 
activities. He eats like a normal four year 
old. ' I 


Bowel moveinents 


Loose stools or diarrhea 


Normal bowel movement since week three ! 

i 


Movements 


Jumping in response to videos, music 


Now he sits down and enjoys listening to 
music, even hums along. 



Typical pancreatic juice output in children without behavioral abnormalities is approxi- 
mately 1-2 ml/minute between the ages of 1 and 6, and the adult response varies between 1.6 to 

5.9 ml/minute^^'^^. The average response rate in each of the three cases reported above was 
10, 7.5 and 8 nil/minute, respectively. Additionally, in each case, administration of secretin 
produced relief from autistic symptoms, and the second injection resulted in further improve- 
ment in their behavior and language functions. 



Group Results 

The number of children on whom we have collected data and/or completed analysis 
from specific tests varies and the N for each group is given in the graphs, tables or texts. For 
certain comparisons, the children were divided into two groups based on the presence or 
absence of chronic diarrhea. 
Improved stool consistency 
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We evaluated seven children reported to have chronic loose stools. Interestingly, all of 
them had an improvement in the consistency of stools after the endoscopy and secretin 
injection. In five children this improvement was permanent; however, two had a relapse in 
their diarrhea later. 

5 

Prevalence of reflux esophagitis 

We asked the parents specific questions regarding unexplained irritability or sudden 
aggressive behavior in their children. Six out of 15 children had these symptoms. Histological* 
examination of 1 1 esophageal biopsy specimens provided confirming evidence of reflux 

1 0 esophagitis in 5 (45.5%). In addition, one child whose parents did not report this problem also 
had inflammation in the esophagus. This 45.5% incidence of esophagitis may suggest a 
common upper gastrointestinal motility problem in autistic children. The prevalence of reflux 
esophagitis in Western countries is estimated to be only 2%^^. Children with esophagitis 
received at least two months treatment with prokinetic (Cisapride) and H2 blocker (Zantac) 

1 5 medications. 

Digestive enzyme and pancreatico-biliary fluid analyses 

Rate of pancreatico-biliary secretion: 
The time required to collect basal duodenal fluid samples ( 1 -2 ml) prior to secretin 

20 administration was 2-5 minutes, which was similar to that of non-autistic controls. The 
average stimulatory response for secretin in children, 3-7 years of age, is 1-2 ml/min based on 
our data by using the same endoscopic collection technique. Published adult responses using 
duodenal intubation and extended periods of specimen collection vary between 1.5 and 4.9 
ml/min-*'^"'^^. Six out of 7 autistic patients who had chronic loose stools had pancreatico-biliary 

25 secretion rates above 5 ml/min (Figure 4). It was observed that all children, after secretin 
injection, had an extensive pancreato-biliary secretory response when compared to non-autistic 
patients. The highest rate of secretion was lOml/min in one child. 
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pH, protein and enzymes: 
The pH of the collected fluid varied between pH 6 and 8.8. The protein content of 
basal samples was between 0.27 mg/ml and 2,46 mg/1 and for samples collected immediately 
after secretin injection varied between 0.58 and 2.9 mg/mL The protein content of final 
5 samples (due to the dilution effect) was between 0.62 and 1.79 mg/ml. 

All of the duodenal fluid enzyme activities were within the normal range based on 
assays performed in our Laboratory on specimens from 215 children without pancreatic 
disease, i.e., cystic fibrosis. 
Disaccharidases and glucoamylase 
1 0 The intestinal brush border membrane enzymes -disaccharidases and glucoamylase- 

were measured in 12 children. Four children each had one abnormal enzyme activity and in 1 
boy the activities of two enzymes were low (Table 7). In summary, abnormal levels in at 
least one of the carbohydrate digestive enzymes was found in 5/12 children (41.6%). The most 
frequent abnormality was hypolactasia (abnormally low lactase level). 

15 

Table 7, Abnormal disaccharidase and glucoamylase enzyme activities in 
autistic children 





Lactase 


Maltase 


Sucrase 


Paiatinasc 


Glucopamylase j 


Below 3rd 
percentile 


3 


1 


0 


I 


1 \ 



Culture of the duodenal fluid. 

Four out of the 15 children who underwent endoscopic procedure had urine tests for 
organic acid and the results suggested that they have intestinal yeast overgrowth. Duodenal 
fluid specimens from 1 1 children were tested for both bacteria and fungi (Candida) and the tests 
25 For all the patients were normaL including those with positive urine organic acid tests. 
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Gastrointestinal hormone and serotonin blood levels 

Blood concentrations prior to and after secretin injection 
The average basal secretin" level in blood was significantly lower in children with 
chronic diarrhea (p<0.024) (Figure 5). Interestingly, the basal serotonin level after 9-12 
3 hours of fasting was normal in all patients (N=16), however, ten minutes after secretin 
injection, children with chronic diarrhea showed a significant elevation in their blood serotonin 
level ( Figure 6). We repeated this test in two children with the highest elevations and they 
showed the same degree of response in their blood serotonin level after secretin administration. 

Elevated serotonin levels have been reported in approximately 30% of patients with autism'**^" 

1 0 However, it is not clear from these papers whether the serotonin was measured after 

fasting or following meals. While there is no change in the blood serotonin levels in healthy 
adult volunteers after meals our data showing that a certain fasting autistic children have 
increased serotonin levels after secretin injection may indicate that the serotonin levels should 
be measured in the fasting state in all autistic patients. It is possible that the reported increased 

1 5 blood serotonin levels were the consequence of a secretin release after meals. Our finding 
suggest that there may be two subgroups of patients with autistic behavior based on the 
serotonin response to secretin injection and possibly to meals as well. The relevance of this 
finding to the etiology of autism and to the familiar occurrence of hyperserotonemia in family 
members needs to be addressed in the future. There was no change at all and no subgroup 

20 differences in the blood levels of VIP, substance P or CCK after secretin injection. Peptide Y ( 
measured in four children) showed no abnormality in blood levels either before or after the 
secretin administration. 

Blood secretin concentrations after duodeml acidification 
25 The normal physiologic process of secretin release from the intestinal S-(secretin) cells 

has been outlined earlier (Figures 1-2). We examined this response in 5 children during 
endoscopy by measuring secretin release following the acid washing of the duodenum. This 
acidification, which decreases pH to below 4.5, should release secretin into the blood. 
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Figure 7 shows the secretin levels in blood before and after 4-5 minutes of acidification. 
Although the sample number did not allow a clear conclusion it appears that children with low 
base secretin level less likely release secretin than children whose base level was in the normal 
range. 

5 Based on our findings, we propose there are two subgroups of autistic patients , 

distinguished on the basis of gastrointestinal symptoms, fasting blood secretin levels, and 
secretory responses to either duodenal acidification or secretin injection (Table 8). 

Table 8. Subgroups of patients based on the secretin and serotonin measure- 
1 0 ments 





Group I 


Group II 


Main gastrointestinal symptoms 


Chronic loose stools/diarrhea 


No diarrhea 


Basal secretin level 


Low (<12pg/ml) 


Normal (> 1 2 pg/ml) 


Pancreatic secretion 


Increased (>5 ml/min) 


Normal (<4 ml/min) 


Response to duodenal acidification 


,2 pg/ml elevation of secretin 


>2 pg/ml elevation of secretin 


Serotonin level after secretin 

injection 


>50% elevation 


<50% elevation 



Behavior Evaluations 



The number and type of evaluation techniques that were employed increased across 
1 5 subjects as did the degree of sophistication of the professional staff involved in the design and 
conduct of the evaluation approaches. Specifically, data on the first seven subjects consisted of 
brief clinical observations, parental report, analysis of videotapes, and reports of evaluations by 
professionals who had conducted routine assessments not specifically dictated by our research 
protocol. Whereas, data on the second eight subjects studied consisted of the same methods 
20 described above, as well as with the addition of direct observation of behavior employing a 
standard functional analysis of structured videotape samples (analyzed in random order by 
blind raters); standard assessments including Communication and Symbolic Behavior Scales 
(CSBS), Pre-School Language Scales - 3 (PSLS), Bayley Scales of Infant Development: 
Second Edition, Vineland Adaptive Behavior Scales, Childhood Autism Rating Scale (CARS), 
25 and Behavior Observation System (BOS). Further, the evaluation team for the last eight 
subjects involved professionals from the areas of neuropsychology, behavioral psychology and 
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developmental pediatrics from both the University of Maryland School of Medicine and the 
Kennedy Krieger Institute/Johns Hopjcins University School of Medicine. 

The findings on all fifteen subjects are truly exciting. For example, in terms of parental 
report and non-protocol dictated evaluations, dramatic changes in cognitive, social, language, 

5 and age appropriate skills were reported for four of the first seven subjects studied. For one 
child (JB) - a 3-year, 3-month-old boy presenting with chronic diarrhea and autistic symptoms, 
including no eye contact and no social interaction - significant changes occurred in both his 
gastrointestinal symptoms and behavior within three weeks after the procedure. Specifically, 
his chronic diarrhea resolved and he was able to be potty trained. Dramatic changes occurred in 

1.0 his autistic behavior in terms of a dramatic improvement in eye contact, alertness, expressive 
language and fine motor skills. Follow-up eight months after the procedure indicated that he 
had retained these improvements, especially with regard to cognitive skills. Most impressively, 
the latest formal evaluation indicates that his diagnosis has changed from a low functioning 
autistic child to a social, non-autistic, speech delayed child. A second case (AS) - an older boy 

1 5 (5-years, 9-months of age) with chronic diarrhea and autistic symptomatology first noticed at 
two years of age - demonstrated progressive improvement in cognitive skills over the five-week 
period following the administration of secretin. Similarly, the third case (DT) - a 4-year, 
3-nionth-old boy with chronic diarrhea, evidence of blood in the stool, reports of allergies to 
seventeen food substances, autistic symptoms including severe aggression, no social interac- 

20 lion, and highly distractable attention - showed post-secretin changes including significant 
improvements in language, social, and conununication skills. The last of the four cases (DP) - 
a 3-year, 10-month-old boy with chronic diarrhea, no speech, no eye contact, and a significant 
sleep disorder - improved after the secretin injection in that he was able to be potty trained 
within three weeks and showed significant improvement in language skills in general and 

25 expressive language gains in particular. 

In terms of the last eight subjects studied, in addition to parental reports comparable to 
the first four successes, some of the standardized test scores for this last group of subjects 
indicated quite impressive gains. One child (WB) .- a 3 year, 1 month-old boy with autistic 
symptomatology but without gastrointestinal symptoms, showed a 37% increase within, four 
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months on the CSBS scale as well as an increase in language skills equivalent to five months to 
one year in development as measured by the PSLS and lastly, an 1 1 point increase on the 
Bayley Scale of Development The second child (SG) - 3 years, 10 month-old boy, who 
presented with chronic diarrhea, but in terms of autistic symptomatology was one of the highest 

5 functioning children studied, showed evidence of impressive gains, including a 25% increase 
over a period in the CSBS, as well as six-to-nine month increases in language skills, and an 
increase in all five areas tested on the Vineland Scale of Adaptive Behaviors. A third subject 
(JP) - 3 year, 9 month-old boy with chronic diarrhea presented with a variety of autistic 
symptomatology, including poor eye contact, no social interactions, self-stimulatory behavior, 

1 0 and delayed echolalia; but after the administration of secretin his markedly high activity level 
was decreased by 50% as measured by actometers and he showed an increase on the BOS of 
22%. The last case described here showed both initial, small improvements and later quite 
dramatic changes post secretin administration; specifically, this case (BA) - 3 years, 8 
month-old boy with chronic loose stools presented with autistic symptoms of solitary play, 

1 5 echolalia, and poor social interaction; whereas immediately after secretin administration, a 22% 
increase in the scores on the Vineland Scale of Adaptive Behavior was noted as well as a 
delayed reaction reported by the parents some one-to-two months later that included improved 
eye contact, increased focus on tasks, as well as improvements in language. 

In summary, more than half of the children who received secretin were found to have 

20 reductions in autistic symptoms and positive changes in cognitive, language, and social skills 
that were considerably greater than that which would be expected from developmental 
maturation. This novel relationship between pancreato-biliary secretion and autistic disorder 
enables a novel therapy for the treatment of the symptoms of autistic syndromes, comprising 
the administration of a therapeutically effective, preferably intravenous, dose of secretin to an 

25 individual suffering from autistic spectrum disorders. The relationship further enables a 
differential diagnosis for autistic syndrome, comprising an analysis of an individual's 
pancreatic response, or blood/intestinal biopsy specimen, for the presence of secretin and 
comparison of the levels to known norms. 
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While a specific embodiment of the invention has been shown and described in detail to 
illustrate the application of the principles of the invention, it will be understood that the 
55 invention may be embodied otherwise without departing from such principles, and diat various 
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modifications, alternate constructions, and equivalents will occur to those skilled in the art 
given the benefit of this disclosure. .Various changes and modifications can be made therein 
without departing from the spirit arid scope of the invention. Thus, the invention is not limited 
to the specific embodiment described herein, but is defined by the appended claims. 
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1 . A method for aiding in the diagnosis of autism comprising the steps of drawing a blood 
sample from a patient suspected of suffering from autism, analyzing the level of secretin, and 

5 correlating said level with norms. 

2. A method for alleviating the symptoms of autism in an individual exhibiting symptoms 
of autism, comprising the step of stimulating the secretion of pancreatico-biliary fluid. 

3. A method as in Claim 2 wherein said step of stimulating the secretion of said 
pancreatico-biliary fluid stimulates the endogenous release of serotonin in said individual. 

10 4. A method as in Claim 2 wherein said step of stimulating the secretion of said 
pancreatico-biliary fluid comprises the step of administering an effective amount of secretin to 
said individual. 

5 . A method as in Claim 4 wherein the amount of secretin administered is between about 2 
lU of secretin per kg of said individual's body weight. 
15 6 . A method as in Claim 4 wherein the method of administration is selected from the group 
consisting of intravenous, oral, intramuscular, intra-articular, intradermal, subcutaneous, 
inhalation, and rectal. 

7 . A method as in Claim 4 wherein said secretin is chosen from the group consisting of 
synthetic or recombinant human secretin, porcine secretin and bovine secretin. 
20 8. A method as in Claim 2 wherein said step of stimulating pancreatico-biliary fluid 
secretion comprises the step of releasing endogenous secretin in said individual. 

9. A method as in Claim 8 wherein said step of releasing endogenous secretin comprises 
the step of administering an effective amount of acid to the duodenum. 

10. A method of Claim 8 wherein said step of releasing endogenous secretin comprises the 
25 step of administering an effective amount a secretin release stimulating substance, said 

substance selected from the group consisting of bile salt; bile acids; 1 -phenyl- 1-hydroxy-N- 
pentane (PHP); fats; fatty acids; anti-ulcer pharmaceuticals and herbal extracts. 

11. A method of Claim 10 wherein said substance is sodium oleate. 

12. A method of Claim 10 wherein said substance is an oleic acid. 
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13. A method of Claim 10 wherein said substance is an anti-ulcer pharmaceutical. 

14. A method of Claim 13 wherein said anti-ulcer pharmaceutical is selected from the group 
consisting of PLAUNUTOL™, tetraprenylacetone (TPN), geranyl-geranyl acetone (GGA), 
and (Z)-2-(4-methylpiperazin-l-yl)-l-[4-(2-phenyl-ethyl)phenyl]-eth anone oxime hydrochlo- 
ride monohydrate (MCl-727). 

15. A method of claim 10. wherein said substance is an herbal extract. 

16. A method of claim 1 5 wherein said herbal extract is licorice root. 

17. A method of Claim 10 wherein said substance is a bile salt or bile acid. 

18. A method of Claim 10 wherein said substance is 1-phenylpentanol or 1 -phenyl- 1- 
hydroxy-N-pentane (PHP) or a derivative thereof. 

19. A method of Claim 4 wherein said secretin is co-administered with a biologically 
acceptable permeation enhancing agent 

20. A method of Claim 4 wherein said secretin is co-administered with a biologically 
acceptable agent capable of preventing hydrolysis by colonic bacterial flora or cellular enzymes. 
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Figure 5. BLOOD SECRETIN CONCENTRATIONS IN 

AUTISTIC CHILDREN 
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Figure 6. CHANGES IN BLOOD SEROTONIN 
CONCENTRATIONS IN AUTISTIC CHILDREN 
AFTER SECRETIN INJECTION 
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Figure 7. SECR ETIN RELEASE AFTER 
DUODENAL ACIDIFICATION IN AUTISTIC 

CHILDREN 
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